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I. Trimethylsilylpotassium reacts with epoxides to 
give olefins with inversion of stereochemistry. The 
reaction appears to proceed via the potassium e-silyl 
alkoxide ~ formed from the SN2 attack of the silyl 
anion on the epoxide. ·Subsequent stereospecific syn-
elimination of 2 affords the olefin of inverted stereo-
"" 
chemistry. The reaction is convenient and preparatively 
useful. 
The byproduct of the reaction, potassium trimethyl-
silanolate (17), effectively cleaves hexamethyldisilane 
~ 
to yield trimethylsilylpotassium. Since the latter rea-
gent is generated and reacted in situ with epoxides, 
the overall reaction can be carried out with less than 
one equivalent of potassium methoxide. 
II. The reaction of aryl halides with trimethyl-
silyl anions in HMPT provides good yields of aryltri-
methylsilanes, useful synthetic intermediates. The 
choice of metal cation is unimportant. Chlorides .and 
bromides give high yields of silylated products, while 
iodides give lower yields, with correspondingly in-
vi 
creased amounts of reduced products. Arylammonium and 
arylphosphonium salts also undergo the reaction. 
We have permissive evidence for the reaction 
proceeding via both aryl radical and aryl anion inter-
mediates. 
III. Trimethylsilyl and trimethylstannyl methoxy-
carbene complexes of chromium and tungsten have been 
prepared. One of these, (C0) 5 WC(OMe)SnMe 3 , reacts 
with norbornene at 80° to afford a new olefin polymer. 
Efforts to effect the alpha-elimination of the non-
metallic carbene ligands have not yet been successful. 
Reactions of these carbene complexes with acetone have 
been investigated. 
vii 
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I. GENE RAL I NTRODUCTION 
PREPARATION AND REACTIVITY OF SILYL ANIONS 
1. 0_~_e_!~~_jon_ of Sily1 1'\nion s 
Silanes and Disilanes _,.. __ -....,. ____ ... '-___ ....._,...._,...,.,..._-................. -~~
Though compounds with silicon-a lkali metal bonds 
("silyl anions") v-.;ere first reported in 1933, 1 ex ten sive 
exploration of their chemistry awa ited th e deve l opment 
of more effi c ient preparative means. 2 Initiall y , thes e 
approaches (which Jid not appear until 1951) involved the 
r educ t ion of aryl-sili con 3 and silicon-sili con 4 bonds with 
alkali me tals. The second me thod results in a c l e an prepa-
ration of silyl anions, whereas the first meth od generates 
ZK 
ArSiR3 -> ArK + R3 SiK 
2K 
R2 ArSj SiArR2 -> 2 R2 ArSiK 
an equ i molar amoun t of aryl ani on. Th e second method is 
limit ed to the preparation of a r yl-substituted si l y l 
anions, for hexaa lky ldi s ilanes are inert to alka li metals. 2 
Alkali metals have been shown to cleave the silicon-
hydrogen bond in arylhydrosilanes , yielding silyl anions 
p lus metal hyd rides. 5 Gilman has suggested (Scheme 1) 
that thi s probably proceeds via s low reduction of the 
aryl-silicon bond, yielding R2 SiHM and ArM. 2 a The latter 
2 
rapidly displa ces hydride f rom the starting ma terial, and 
the result ing specie s R2 SiArz can further react with 
a lkali metal to give the observed product R2 SiArM plus 
ArM, which returns to the c a talyt ic c ycle. Provided 
R2 SiAr 2 und e r goes metal redu ction much fa s t er than R2 SiArH, 
this metho d provides for the generation of s ilyl anions 
with only a small am ount of aryl-me tal species present. 
Aga in, trialkylsilyl anions cannot be generated via this 
pr oc edure. 
ArR2 SiH ---> ArLi + R2 SiHLi 
ArLi + ArR 2 SiH ---:;> Ar 2 SiR2 + LiH 
-----~ ArSiR 2Li + ArLi 
Scheme 1 
Chlorosilanes also undergo me tal reduction, resulting 
in silyl anions from aryl chl orosilanes. In this in-
s tance, d isi lanes are form e d (probabl y by the initial 
2M 
--> R3S iM 
-MCl 
R3SiCl 2M 
---> R3SiSiR3 -> 2R 3SiM 
generation of sil y l anions, followed by th e ir rapid silyla-
tion by unreacted chlorosilane), and furth e r cleaved by 
alkali metal. 2 Ch1orosilanes without aryl substituents 
3 
undergo the reaction to form disilane, which does not 
react further.6 
Transformations which may involve the intermediacy 
of silyl anions result from the reagent systems of mag-
nesium and chlorotrimethylsilane in hexamethylphosphoric 
triamide (HMPT), 7 and lithium plus ch1orotrimethylsilane 
in tetrahydrofuran. 8 The presence of silyl anions in 
these systems has not been firmly established, however, 
and most of the reactions are explained as silylations 
of anionic intermediates resulting from lithium reduction. 
B. Silvl Anions from the Alkali-metal Reduction of 
"""~·---~~_.....,..~~-....-...........,.. 
Silylrnercury and bis(silyl)mercury compounds are 
cleaved by Jjthiurn to give silyllithium compounds. 9 This 
2Li 
R3SiHgR' ---~ R3SiLi + R'Li + Hg 
2Li 
(R 3Si) 2 Hg ---~ 2R3 SiLi + Hg 
method, in contrast to other alkali metal reductions, is 
successful in the preparation of trialkylsilyl anions. 
However, this procedure suffers from several disadvan-
tages: the yields of silyl anion are not high, a large 
excess of lithium metal is required, the procedure is 
4 
slow and inconvenient, and the bis(silyl)mercurials are 
themselves not easily obtained and handled. 1 0 
Silicon-germanium bonds have been reductively cleaved 
with alkali metals.ll In fact, this was the method 
utilized for the first preparation of a trialkylsilyl 
anion.lb The method suffers from low yie lds and concurrent 
formation of an equivalent of germyl anion. 
C. ~ons from the Heterolytic Cle~ 
Disilanes by Nucleophiles 
~--~~~
At p resent, the most general and convenient method 
for the generation of silyl anions involves the nucleo-
philic cleavage of di si lan es. In 1971, Sakura i reported 
the first such reaction, 12 the preparation of trimethyl-
silylsodium from the sodium methoxide cleavage of hexa-
MeOKa + Me 3 SiS iMe 3 --> Me 3SiNa + Me 3 Si0Me 
HMPT 
MeOK + Me 3 SiSHle3 --;::.. Me3SiK + Me3S iOMe 
HMPT 
or 
THF, 18- crown-6 ether 
me thyldisilan e in HMPT solvent. Later, his g roup 1 3 and 
oursl 4 inde p end ently di scovered that trimethylsilylpotas-
sium can be generated in the absence of HMPT, via the 
potassium me thoxide cl eavage of hexamethyldisilane in 
5 
tetrahydrofuran (THF) in the presence of 18-crown-6 ether, 
as well as via the HMPT procedure. Other alkoxides also 
effect the reaction. These cleavage reactions are very 
fast (complete within minutes at room temperature), and 
are clean. The only byproduct, methoxytrimethylsilane, 
is innocuous with respect to further reactions. 
This particular preparation of silyl anions deserves 
further comment. The silicon-silicon bond strength has 
been revised to 80 kcal/mole, 15 which is not much weaker 
than a carbon-carbon sigma bond. Its nucleophilic 
cleavage by methoxide is rendered even more improbable by 
the higher energy content of the silyl anion, as shown 
by the relative pKb values for these two bases (> 35 for 
the silyl anion,l 6 27.9 for methoxide in DMS01 7 ). 
That the reaction proceeds at all is a tribute to the 
great susceptibility of silicon toward nucleophilic 
attack via valence-expanded intermediates or transition 
states, and to the strength of the silicon-oxygen bond, 
estimated as high as 129 kcal/mole. 18 
More recently, Still has very nicely shown that 
organolithium compounds serve equally well in the nucleo-
philic cleavage of disilanes. 1 9 Since organolithium and 
silyllithium species are relatively close in energy, the 
driving force for this cleavage must stem from the forma-
6 
mation of a new silicon-carbon bond, which has an esti-
mated bond strength of 91 kcal/mole. 2 0 The tleavage is 
fast, all of the organolithium reagent is consumed (with 
Me 3 SiSiMe 3 + CH 3 Li ~---:> Me 3 SiLi + Me 4 Si 
HMPT 
a slight excess of disilane), and the inert tetraalkyl-
silane is produced as the only byproduct. 
2 . R~a_c_!}:V it~ __ o_f_ _~_i __ ~]] __ _!>._n_j ons 
A. ~~~~~ic Pro)erties of Sil~ 
Numerous studies in the triphcnylsilyl anion series 
have revealed the tendency toward nucleophilic displace-
ment at a wide variety of electrophilic sites. 2 Alkyl 
and aryl halides, epoxides, tosylates, aldehydes, ketones, 
carboxylic acid derivatives, and inorganic and organa-
metallic halides all react with triphenylsilyl anions to 
give coupling products, with loss of a good leaving group. 
However, the analogy with carbon anions is not complete, 
for competing reactions not found in the carbon case are 
often important. Also, subsequent reactions can occur 
so rapidly that the initial product of nucleophilic 
attack cannot be isolated. A primary example is the 
reaction of triphenyl s ilyl anions with carbonyl compounds; 
7 
the isolated produc t often is that re s ulting from a 1,2-
shift of silicon from carbon to oxygen, subsequent to 
nucleophi lic attack.2 ,21 
o-




The nucleophilic displacement by trialkylsilyl anions 
has been much l ess extens ively studied. Organic 
halides 12 ,13 and ketones, 19 as well as chlorosilanes and 
st annanes, 9 undergo reaction with trimethylsilyl anions. 
Trimethylsilyllithium can be carboxylated by ca rbon 
dioxide. 22 Trime thylsilyllithium is much more reactive 
toward nucleophilic cleavage of THF than are its aryl-
substituted counterparts.IGh 
B. One-electron Donor Ability of Silvl Anions 
"'~ ~
The presence of reductive dimer among the products 
of the reaction of silyl anions with active subs trates 
(notably phosphonates and benzyl halides) 2b s uggests the 
possibility of an electron transfer mechanism. Sakurai 
has demonstrated this process in the reaction of tri-
methylsilylsodium with certain electron acceptors, such 
as naphthalene, in HMPT solvent. ESR spectra of the 
00 ---~ HMPT 
8 
intermediate rad i cal anions were obt a ined. 1 2,23 Work 
by our group 24 and others 1 9 further substantiates this 
mechanism. Ho~ever, these experiments also ~ere conducted 
in fmPT, a solvent which strongly promotes one-electron 
donation. 25 Silyl anion reactions may follow different 
pathways in the ether (diethyl ether, THF, and 1,2-di-
me thoxy e thane) solvents more commonly employed. 
C. Silyl Anions as Base 
~-~~
Gilman 168 measured the extent of rn e talation of a 
series of hydrocarbons by triphenylsilyllithium. He 
concluded that this anion is a stronger base than di-
phenylmethyllithium (pKa = 33.45) 2 6 not as strong as 
benzyllithium (pKa = 35)28. In a number of other re-
actions of triphenylsilyllithium with substrates possess-
ing acidic protons, triphenylsilane is produced in sig-
nificant amounts. 2 b Other arylsilyl anions also readily 
abstract acidic protons.2d 
Less is known about the acidity of trialkylsilyl 
anions. In our group and elsewhere, 12 trirnethylsilyl 
anions have been noted to react with protic acids (e.g., 
~ater) to give trimethylsilane. Trimethylsilyllithium 
efficiently metalates fluorene. 16 b On the basis of 
silyl anion-disilane redistribution experiments, it has 
9 
been c onclu ded tha t (as sumi ng a cons tant s ilicon-sili c on 
bon d s tren gth) th e r e activity of s ilyl anions d ecreases 
with i n c r eas ing ary l sub s titution. 2 a This is bas ed on 
th erm odyn amic ob serva tions, whereas the measureme nt of 
r e action ki netic s of th e metalation of f l u or ene b y sily l-
lit h ium c ompound s dis covered only a small d i f fe r ence in 
rate betwe en t he r eac tion of dim e thy lphen ylsil y llithium, 
methy ldi ph en yl s il yll i thium, and tr i ph en y l si lyllithium.1 6b 
The rat e of metalat i on by tr ime thylsil y llith i um was not 
me asured . 
II. TRIMETHYLSJLYLPOTASSIVM. DEOXYGENATION OF EPOXIDES 




silicon Compounds _,...,_ ____ .-._-__ ......._,........_......__-._~ ..... -~
Organosilanes bearing a functional group two atoms 
removed from silicon readily undergo s-elimination2 7 to 
alkenes. Such fragmentation can be induced in appropriate 
systems by acid, base, or hcat,as shown by the examples 
of Scheme 2. 
10% HzS04 
Me 3 SiCH 2 (CH 3)0H --·-·-3> H2C=CHCH3 + Me3SiOSiMe3 
NaOH 
Et 3 SiCH2 CH 2 Cl --·--.:;> HzC=CHz + EtSiOH + NaCl 
200° 








The thermal eliminations are thought to proceed in 
near-concerted fashion (though perhaps with considerable 
charge separation) via unimolecular four-centered trans-
tion states involving silicon and the leaving group 
(Scheme 3), based on kinetic studies.3 2 




The solvolysis of S-bromosilanes proceeds via stereo-
specific anti-elimination.33 Evidence has been obtained 
for some of these reactions passing through a symmetrical 
intermediate, such as the pentacoordinate siliconium ion 
intermediate shown in Scheme 4.33b 




"=/ + R3 Si0Me 
Scheme 4 
Similar intermediates have been proposed in the cleavage 




Gilman and Tomasi, in an attempt to prepare vinyl 
silanes via the Wittig reaction of a-silyl phosphorous 
ylides (~), observed products consistent with thee-
elimination of silyl oxide, in preference to phosphine 
12 
oxide (Scheme 5).35 
~- 3 
/ 
. . ···-PPh 
R3Si 
Scheme 5 
This was a surprising finding indeed, for a neutral 
silicon atom would not be expected to migrate to a s-
oxygen anion faster than a positively charged phosphorous 
atom. Th es e same workers, in fact, had earlier generated 
a series of s-silyl alkoxide anions from the reactions 
of triphenylsilyl anions with epoxides. In only one case 
was any product of elimination found (and then, it was 
not a major pathway). 3 6 The authors rationalized the 
silyl elimination from (~,but not from simple lithium 
s- silyl alkoxides (2f), by invoking a stepwise process, .,...,..,... 
in which the intermediate anion em. would be stabilized 
by ylide formation (Scheme 6). 
13 
X ·-··----> ·----> 
""'=< + 
a, X PPh3 
b, X = SR 
c, X = C0 2R 
Scheme 6 
d' X SiMe3 
e' X P (S) Ph 2 
f, X :; H 
Similar eliminations have been observed involving other 
hypothetical, stabilized ~nions as intermed i ates 
(3b,3 7 3c,3 8 3d,39 and 3e 4 0) • 
.,...._,..... -""'-"' ,...._,...,_ ,....,.,.... 
C. Reaction of a-Si l v l Carbanions with Carbon 1 
~......---..,...~~ 
~~~~~ination Procedure. 
That electron-withdrawing groups are not required 
to effect the base-catalyzed B- e l iminat ion of h ydroxy -
s ilanes was first demonstrated by Peterson in 1968 in 
hi s olefination procedure . 4 0 This me thod (shown in 
Scheme 7) represents the f irst synthetica lly important 
transformation involving B-hydroxysilane elimination. 
>==o 
X - --.. 
Scheme 7 
14 
In addition to effecting the a-elimination ~ith 
acid, Peterson observed base-catalyzed elimination upon 
treatment of the hydroxysilane intermediate with sodium 
or potassium hydride. He suggested the nature of the 
metal counterion as playing an important role in deter-
mining the rate of B-elimination, with potassium better 
thC~; sodium, which is much better than magnesium. This 
was also noted by Hudrlik in subsequent work.42 
Both cis and trans olefins are produced in about 
equal amounts from the reactions in Scheme 7 (R and R' 
# H). The absence of stereoselectivity may well result 
simply from indiscriminate attack by the a-silyl car-
banion on either face of the carbonyl group. Another 
explanation is that the elimination process occurs in a 
stepwise manner as in Scheme 6 (2 + 3 + olefin). This is 
suggested by the accelerat i ng effect of the e lectron 
withdrawing groups (a-e). The stabilized carbanion 
intermediate (3) may suffer racemization more rapidly 
than elimination. 
D. .f_~~n-formin Reactions of 
Hudrlik attempted to solve the question of the 
stereochemistry of s-elimination by constructing a s-
15 
hydroxysilane in a stereoselective fashion, and observ-
ing the course of base-catalyzed a-elimination. This 
was first accomplished via the stereoselective reduction 
of the B-ketosilane 5-oxoprop-4-yltrimethylsilane(~) 
with diisobutylaluminum hydride at -120° to give one 
diastereomer of the B-hydroxys ilane with very high stereo-
selectivity.42 Treatment of this product with KH or 
NaH gave trans-4-octene selectively; sulfuric or acetic 
acid treatment provided the cis- isomer. However, since 
neither the stereochemistry of the B- hydroxysi lane 
diastereomer use d, nor the course of the acid-promoted 
eliminations were known, the stereochemistry involved 
in the elimination reactions was as yet unproven. 
It was at this point that we became involved in 
this problem. Epoxides can easily be prepared in high 
stereochemical purity from olefins. Furthermore, most 
nucleophiles react with epoxides in a strict SN2 sense. 4 3 
We felt the reaction of trirnethylsilyl anion, for which 
convenient preparations had been recently developed in 
our group and Sakurai'sl2-l 4 would provide a stereo-















During the course of this work, Hudrlik r epor ted 
th e unambiguous st ereochemical synthesis of a dias tero-
meric pair of s-hydroxysilanes, and the i r sub sequent 
base -pr omoted s-elimination. 44 The synthetic route 
utilized entailed the cis-epoxidation of the isomeric 
vinyl silanes, with subsequent epoxide ring opening 
(alpha to silicon) by lithium di-n-propyl cuprate 
(Scheme 8). Thus, the cis-isomer of 1-trimethylsilyl-
1-pentene was converted to the erythro S-hydroxysilane, 
which gave cis-4-octene on trea tment with pot ass ium 
hydride. Th e corresponding threo- S-hydroxysilane 




r I e3 
(threo) 
Scheme 8 
H+ ; ·------. 
\_,_...,. 
bose 




The comparison of the Peterson and Wittig olefina-
tion reactions indicates the similarity between silicon 
and phosphorous B-elirnination reactions. Thus, just as 
the silyl anion cleaves epoxides and subsequently under-
goes s-elimination, 14 a similar sequence involving 
nucleophilic cleavage of epoxides is known in the phos-
phorous s eries. This procedure, developed by Vedejs 
and Fuchs, 4 5~i s shown in Scheme 9. 
+ 
LiPPH 2 . M I PR 3 OLi 
A ~ __ j' ~) I -> R R'R~---~ R ~~ ~ R' R~ 
PPh 2 ~ 
Scheme 9 
18 
Triphenylphosphine has also been used to effect 
epoxide ring -op ening, and generate the betaine(_u 
directly. 4Sb Ho~ ever, high t empe ratures are requ i red 
for th e reaction, and at best only 80% inversion of 
stereochemis try i s observed, presumabl y due to reversible 
r e tro-Wittig fTa gmenta tion to form the achira l pho sphonium 
ylide and carbonyl coJTl pounds. This problem is not en-
countered with the more nucleophilic lithium diphenyl-
phosphide which reacts with epoxides at 25 °. A second 
reaction is required to alkylate the phosphine in order 
to generate 5. The y i elds r eported for mono- and dialkyl-
substitut ed e poxi de s were 75 -95 % by the route of Sc heme 
9. 
2 . Results a nd Discussion 
A. Generation of Trimethvl s ilylpotassium 
~......-....-.....-.....-.....~~~ 
The obs e rved counterion d ependence of the rate of 
S- si lyl alkoxide elimination, 4 0, 42 increasing in the 
order Li < Na < K, suggests that a silylpotass ium de-
r i vative would most readily induce epoxide deoxygenation 
to olefin. 47 The trirnethylsilyl residue wa s se lected as 
being (on steric g rounds 2 7 ) more readily attacked 
nucleophilically (by the oxygen a nion) than more hin-
dered s ilyl g roups . Thus, we chose to inves tigate the 
19 
reaction of tr i 1nethyl s ilylpotass ium ~ith epoxides. 
Trimethyl si lyl potassium had previous l y be en prepared 
only in very low yield from the potassi um metal cleavage 
of th e uns ymmetri c al disilane Me 3 SiSiPh 3 . 5 1 Wh ile this 
method had prev iously be en valuable i n the preparation 
of arylsilyl an ions, hexaalkyldisilane s were found to be 
i nert. That the un symmetrical di s ilane was unsu ccessful 
is r e adily understood, in light of observations suggested 
by Gi lman 2 a of the rapid redistr i bution of silyl anions 
and disilanes. 52 Thus, even if formed, the trimethyl -
s ilyl anion could rapi dly r e act with the disilane to 
yield the more s table triphenylsilyl anion, and hexa-
methyldisil ane, which would not be further reduced. 
A s econd method for pr eparing trimethylsilyl anion, 
the alkali metal reduction of bis(trimeth ylsil y l)mercury, 
had not been u s ed to prepare th e potas s ium derivative. 
Furth e rmore, the general inconveni e nt of the method, 
the low yields involved, and the prospect of working 
with volatile organome rcury compounds do not recommend 
this rnethod.l9 
The th i rd method available to generate trimethyl-
silylpotas s ium eventually proved the most useful and 
convenient. This is the cleavage of hexamethyldisilane 
by potassium methoxide in HMPT solution, in analogy 
20 
with the trimethyl s ilyl sodium preparation deve loped 
by Saku rai. 12 ~e found the successful generation of 
trim e thyl silylpotass ium required HMPT distilled 
from Jithjum wire, and redistilled from calc ium hydride 
as needed. 
To avoid the s olvent HMPT, which possesses the dis-
advantages of a high melt i ng po in t (7°) an d suspected 
carcinogenic properties, we and Saku rail 3 independently 
developed the 18-crown -6 ether 53 promotion of potassium 
methoxide - induced cleavage by hexamethyldisilane. This 
proceeds mo s t readily in tetrahydrofuran, at room tempera-
ture or below. The reaction also occurs in less polar 
solvents, such as dimethoxycthane and benzene, but at a 
slower rate. Again, the so lvents must be rigorously 
dr ied prior to use. 
It was found that trimethyl silylpotassium was best 
generated and re ac ted in si tu, rather than prepared 
prior to addition to epoxide . The reason for this lie s 
in the reactivity of th e silyl anion tow ard these sol-
v ents. The reactivity of trimethylsilylpotassium to-
ward THF is not surp rising, in view of the previously 
observedl5b rapid nucleophilic cleavage of this solvent 
by trimethylsilyllithium. The partial reaction of tri -
methylsilylpotas s ium in HMPT at 65° is more surprisin g, 
21 
as this solvent is generally inert to both nucleophiles 
and strong bases. 25 We found the predominant silicon 
product of this reaction to be trimethylsilane (via 
vpc and mass spectral analysis), indicated a proton 
abstraction by the silyl anion. Though this has not 
been further investigated, we believe the protons may 
be coming from methoxytrimethylsilane, the byproduct of 
methoxide cleavage of the disilane. The silylmethyl 
h . d. 't!.. d . . b protons are somew at ac1 Jc, an 1t 1s not unreasona le 
that trimethylsilylpotassium in HMPT is a strong enough 
base to remove them. We found 1.5 equivalents of hexa-
methyJdisilane to be the minimum sufficient to generate 
one equivalent of the silyl anion, based on yields of 
alkene product from the epoxide deoxygenation reaction. 
Other potassium alkoxides (but not potassium tert-
butoxide) also react with hexamethyldisilane to afford 
deoxygenation of epoxides. Potassium fluoride does not 
cleave hexamethyldi si lane. All solvents examined (THF, 
diethyl ether, dirnethoxyethane, ben zene, dimethyl sulf-
oxide, and tetramethylethylenediarnine) except HMPT were 
not s uitable for hexarnethyJdisilane cleavage by methoxide. 
Apparently, the methoxide must be activated by complexa-
tion of the potassium counterion by 18-crown-6 ether, 
or th e superlative cation-solvating medium HMPT. 
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In crown ether mediated reactions, 18-crown-6 is 
known to complex potassium more effectively than other 
alkali metal cations. 53 Sodium methoxide is an effec-
tive agent for producing trimethylsilylsodium, as shown 
by Sakurai. 12 We found lithium methoxide to be rela-
tively :ineffective in HMPT, requiring elevated tempera-
tures, and resulting in only fair yields. This also is 
consistent with the previous supposition, for the 
lithium ion is bound more tightly to methoxide than are 
sodium or potassium, and more difficult to activate by 
selective cation complexation. 
1 . ~1 e t h o d A : Stoichiometric in Potassium 
f\1ethoxide 
i) In HMPT solvent, at 65°: The most convenient 
method for effecting epoxide deoxygenation with trimethyl-
silylpotassium is generally the reaction of 1.0 equiva-
lent of epoxide with 1.5 equivalents each of hexamethyl-
disilane and potassium methoxide in HMPT (epoxide on the 
order of 0.1 molar concentration), heated at 65° for 
three h. The results of the reactions of several d,t-
and meso-isomeric pairs of epoxides (prepared from the 
corresponding olefins by m-chloroperbenzoic acid oxida-
tion) are shown in Table I. 
0~ R 0 E)LO~ /--··· ~'' /--~ - /, ~--- -~ '' Et 
R 
R R 
R = Me 14 1 5 1 6 ........... ........,... 
M = Et 6 7 ,.. 
R = n-Pr 8 9 ,.. ,..,.. 
R = i -Pr 1 0 11 
~Et /~ 
_,;--- Et 
12 1 3 14 .......,.... ,..,.. ,..,.. 
0 
ROyJ~ ~OR 
R = H 23 R = H 31 
"'""" ..-..-...-.. 
R SiMe 2 t-Bu 25 R = HIS 33 .,...,... 
R THP 27 .,..._,..,..._ 
R Ac 29 
"""'""" 
RO (=0) ~ 
Scheme l~ Epoxides 
Table I. Epoxide Deoxygenation in HMPT at 65° 
F.poxide Yielda of Yield of 
cis olefin,% trans olefin,% 
d,t-3,4-epoxyhexane (6) 99 < 0.5 
,...,.... 
rneso-3,4-epoxyhexane en < 0.5 86 
d,t-4,5-epoxyoctane en 96 < 0.5 
meso-4,5-epoxyoctane (i)_ < 0.5 93 
d,t-2,5-dimethyl-3-4-
epoxy hexane ( 10) 93 1.8 
~ 
rneso-2,5-dirnethyl-3-4-




91 < 0.5 
Z-3-rnethyl-2,3-
epoxypentane ( 13) < 0. 5 99 ,...,... 
aYield determined by vpc after workup. 
Product 
_geometry,% 
> 99 cis 
> 99 trans 
> 99 cis 
> 99 trans 
> 98 cis 
> 92 trans 
> 99 cis 




As Table I reveals, mono-, di-, and trisubstituted 
epoxides are deoxygenated in high yield by treatment with 
trimethylsilylpotassium. The reaction exhibits high 
stereospecificity, with overall inversion (trans+cis, 
cis+trans) predominating over retention by greater than 
99 to 1 in most cases. Even the hind e red 1,2-di(iso-
propyl)ethylenes ar e produced in high yield and high 
stereospecificity from the corresponding epoxides. While 
most alkenes are inert, cis-diisopropylethylene is iso-
merized by trime thylsilylpotassium (1.5 equivalent) to 
the trans isomer to the extent of only 3% after 3 h 
(HMPT, 65°). This is much slower than the rate of silyl 
anion attack on epoxides. No products resulting from 
silyl anion addition to double bonds were observed, in 
contrast to reports of trialkylsilyllithium to olefins . 9a 
This procedure compar e s favorably with other epoxide 
deoxygenation proc e dures. 4 S, 47 Some advantages include 
the hi g h y ield and high stereospec ificity observed, the 
one-step nature of the reaction, and the point that the 
reagent i s formed directly from c ornmercially available 
starting materials. The reaction requires only mild 
temperatures, and short reaction times. Some of these 
me rits are illustrated in the synthesis of Z- 20(22)-de-
""" 
hydrocholest e rol by Koreeda and coworkers. 54 In the 
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last step, the stereoselective synthesis of the trisub-
stituted Z-20(22) double bond, was accomplished in 95% 
HO 
yield via tri me thylsil ylpotassium deoxygenation of the 
three epoxides. A double bond and an alkoxide function 
elsewhere in the molecule did not adversely affect the 
reaction. The hi gh yield in this deoxygenation of a tri-
substituted epoxide, and in others describ e d below, con-
trasts favorably with the moderate yields obtained from 
the deoxygenation of trisubst ituted epoxides via the 
Vedejs-Fuchs procedure.45• 
The deoxygenation procedure, combined with the well-
developed methods for stereospecific epoxidation of 
olefins, constitutes a new olefin inversion procedure, 48 
as well as a stereospecific olefin synthesis. Such pro-
cedures are of high utility in the field of natural 
products synthesis.49 
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HMPT need not be the major solvent to promote the 
generation of trimethylsilylpotassium. As little as 10% 
by volume of HMPT in THF was found to effect the epoxide 
deoxygenation reaction. Longer reaction times (24 h) 
at similar temperatures (refluxing THF) were required. 
The procedure seemed to offer no advantage over undiluted 
HMPT. 
ii) In THF solvent with 18-crown-6 ether: Tri-
methylsilylpotassium can also be generated via the 18-
crown ether activated potassium methoxide cleavage of 
hexamethyldisilane in THF, and reacted in situ with 
epoxides. Reactions were carried out with 1.5 equivalents 
each of crown ether, potassium methoxide, and hexamethyl-
disilane with 1.0 equivalent of epoxide, in THF solvent 
(0.1 molar concentration) at room temperature for three 
h. The results of several stereochemically pure epoxides 
subjected to these conditions are displayed in Table II. 
The deoxygenation of epoxides in THF is seen from 
Table II to exhibit the same high stereospecificity as in 
HMPT. The yields are high in most cases, if somewhat 
lower than in HMPT. The diisopropyl epoxides, however, 
required an unusual excess of trirnethylsilylpotassium 
to achieve a high yield of deoxygenation. The tetrasub-
stituted epoxide (16) failed to react with trimethylsilyl-
~
potassium. 
No Page 28 
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Table II. Epoxide Deoxygenation in 
THF/18-crown-6 ether at 25° 
~_E~~i.de Yield a Yield 
of cis of trans Product 
?l~fin,% ~!~-f ~_Q_z % _g~_~_J]!_e try , % 
1,2 - cpoxyhexane (14) .,...,...,... 
d,t-3,4-epoxyhexane (6) 99 < 0. 5 > 99 cis 
""""' 
meso-3,4-epoxyhexane (7) < 0.5 80 > 99 trans 
d,t-4,5-epoxyoctane (8) 76 < 0.5 > 99 cis 
..-,... 
meso-4,5-epoxyoctane (9) ,....,.... < 0.5 90 > 99 trans 
d,t-2,5-dimethyl-3-4 
7c epoxyhcxane (10) < 0. 5 > 99 cis ,..,.... 
meso-2,5-dimethyl-3,4 
19c epoxyhexane (11) < 0. 5 > 99 trans ,...... 
E-3-methyl-2,3-
epoxypentane em 87 < 0. 5 > 99 z 
Z-3 -methyl-2,3-
epoxypentane (13) ......,.... < 0.5 80 > 99 E 
d,l-2,3-epoxybutane (14) 
~
b < 0. 5 > 99 cis 
meso-2,3-epoxybutane (15) < 0.5 b > 99 trans ............ 
d,£-3,4-dimethyl - 3,4-
o.sd epoxyhexane (16) 1.5 < 
"""" 
30 
aYield determined by vpc analysis with r espect to internal 
~tandard . 
bYield not determined, but estimated> 80%. 
cYield improved dramatica ll y (80%) after addition of 
excess (3 cqt1ivalents more) disilane. The product geome-
try wa s > 95% inverted. 
d92% epox ide unreacted after 48 h. 
31 
One other drawback to the above procedure is the 
use of stoich:iometric amounts of 18-crown-6 ether. This 
compound is comme rcially available, but expensive. 
(We chose to prepare it from triethyl ene glycol via a 
published proceJure. 130 ) Furthermore, it is inactive in 
effecting hexamethyldisilane cJeavage by potassium 
methoxide unless it has been purified via chromatography 
over alumina. We will later show that catalytic amounts 
of 18-crown-6 ether (0.1 equivalent) are equally effec-
tive in epoxide deoxygenation. 
The THF procedure does have some advantages over 
HMPT, in addition to the question of toxicity. While 
65° is required to effect facile epoxide deoxygenation 
in HMPT, the reac tions in THF were commonly run at room 
temperature. Indeed, we found lower temperatures ac-
ceptabl e. In one instance, ~ was deoxygenated to 1-
hexene in 70% yield in six h in THF at -78°, via the 
crown e ther reaction. 
THF also may be preferable in instances where the 
one-electron donor properties of trime thyl s ilyl anion 
in HMPT could l ead to competing side reactions. For 
instance, while silyl anions deoxygenate the stilbene 
epoxides to stilbenes in good yield, 4 ia the reaction 
with trimethyls ilylpotassium i s not s uccess ful in HMPT, 
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apparently because of the tendency for electron trans-
fer into the aromatic system. 
Consideration of the mechanism proposed in the next 
section led to the suggestion that less than one equiva-
lent of potassium methoxide should afford complete cpoxide 
deoxygenation under appropriate conditions. Only hexa-
mcthyldisilane is required in stoichiometric quantity. 
The results of the deoxygenation of various isomeric 
pairs of epoxides with 0.1 equivalents of potassium 
methox ide, utilizing both the H..MPT and the THF methods, 
are shown in Table III. 
Table III bears out the validity of the above as-
sumption; a "catalytic amount" of potassium methoxide 
is indeed sufficient to bring about complete epoxide de-
oxygenation. Yields and stereochemical purity of products 
are again high. The reaction rate in THF is incon-
veniently slow at room temperature, as opposed to the 
case where oneequivalent of methoxide is present, such 
that the catalytic reaction is best performed at reflux 
temperature, 65°. The diisopropyl epoxides again show 
low conversion to olefin in THF, although the reactions 
proceed normally in HJ'.1PT. Though not shown in the table, 
potassium trimethylsilanolate (17) 56 was found to effect ......,.,. 
hexamethyldisilane cleavage and ~n _:;itu epoxide deoxy-













Method a Yieldb of Yield of Product 
cis olefin,% trans olefin,% geometry, % 
A (85% 1-hexene) 
A 99 < 0 .. 5 > 99 tis 
B 87 < 0.5 > 99 cis 
A < 0.5 86 > 99 trans 
B < 0.5 98 > 99 trans 
A 96 2 > 99 cis 
B 87 < 0.5 > 99 cis 
A < 0.5 93 > 99 trans 
A 83 7 > 92 cis 
B c 




Table III, continued. 
Epoxide Method a Yieldb of Yield of Product 
cis olefin,% trans olefin,% geometry,% 
E-3-methyl-2,3-
epoxypentane em A 91 0.5 > 99 cis 
Z-3-rnethyl-2,3-
epoxypentane (13) A < 0.5 99 > 99 trans 
~
B < 0.5 99 > 99 trans 




, 1.0 equiv. epoxide, 0.1 equiv. KOCH 3 in HMPT 
at 65° for 3 h. 
Method B: 1.5 equiv. Me 3 SiSiMe 3 , 1.0 equiv. epoxide, 0.1 equiv. each KOCH 3 
and 18-crown-6 ether in THF at reflux for 3 h. 
bYield determined by vpc with respect to internal standard. 




genation under both stoichiometric and catalytic condi-
tions. 
In many cases, the catalytic method may prove to be 
synthetically preferab le to the stoichiometric procedure, 
for th e substrate is exposed to the minimum concentration 
of potassium methoxi de and trimethylsilylpotassium. More-
over, the need for "dry" potassium methoxide is no longer 
necessa r y since only a catalytic amount is required. 
This modification of the stoichiometric procedure has 
practical as well as mechanistic significance. 
C. Mechanism 
1. Stereochemistry of s-elirnination 
~~~
All experimental evidence is fully in accord with 
th e mechanism propo s ed in Sch eme 11 for epoxide deoxy-
genation. 






The first step, disilane cleavage, is known from 
the work of Sakurai. 1 2 The expected silicon byproduct 
methoxytrimcthylsilane has been observed in the reaction 
mixture, as has the un expected byproduct hexamethyldi-
si lox ane. The attack of trimethylsilylpotass ium on the 
epoxide with inversion of configuration is identical to 
the reaction of tripheny l si lyllithium with epoxi des. 3 6 
The potassium salt of the B-hydroxysilane thus produced 
(2) is well known to rapidly form the olefin, with loss 
of potassium trimethylsilanolate (.11) • 42 The existence 
of the latter compound in the reaction medium is in-
dicated by the results of the catalytic r e actions, dis-
c u ssed below. 
The s tereospec i fi c syn- el imina ti on of 1.__ to olefin 
is in agreement with the results of Hudrlik, who inde-
pendently generated 2 via the route discussed previously. 4 4 .,....,.,. 
Although the syn-elimination of L had been previously 
postulated, 4 D, 42 this was the first experime ntal demon-
stration of the stereospecificity of the elimination. 
It seems likel y that the four membered cyclic struc-
ture ~1 ies on the mechani s tic path from ..J.. to olefin 
(Scheme 12). In analogy with the Wittig reaction, 18 ,..,...,... 
may be a true intermediate leading directly to elimina-
tion (path a), or an approximation to the transition 
37 
state involving silicon migration from carbon to oxygen, 
resulting in a carbanion em which subsequently elimi-
nates (path b). A theoretic a l study of this problem, 5 7 
XOM )=~iR3 ) 0 M -----~ -----. I SiR3 SiR3 concerted 
M+ 
rnulttstep t 
:c~SiR3 ? 'n 0 M -~ I 
~ SiR3 
consider ing both the Wittig and Peterson reactions, found 
in the former case that path a was followed. Ample ex-
perimental evidence, including the spectral observa tionSB 
and isolation (followed by thermal elimination to ole-
fin)59 of oxaphosphetanes (20), confirm this pathway 
""" 
(Scheme 13). However, the same study predicts the 
20 
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Peterson reac tion to fo llow mo r e nearly path b in Scheme 
12, r esu l ting in t he carbanion 19. Unless the subse-......,...,... 
quent e l imina t ion is mu ch fast e r than bond ro t ation, 
this process results in a mix tur e of ol e fin i s ome rs, 
contrary to experimental ob s erva ti ons. Furthermore, B-
hydroxy and alkoxy carbanions (analogous tom' gener-
ated v ia the me tal reduct ion of the correspond i n g 
halides, generall y give nonstereospecific e limination 
to olefins. 60 Th e present ev idence thu s appears to 
support a one - s t ep eljmination from c ycli c intermedi-
ate 18. It s hou l d be n ot ed that no direct evidence, such 
as that previously described for oxaph osph e tanes in the 
Witti g reaction, exists for the in termediacy of 18 . 
~ 
In fact, si laoxetanes themselves ( the neutral counter-
par t s of 1 8 , containing t e travalent silicon) h ave b e en 
"" 
reported only as hypothetical intermediates in the 
thermal reacti ons of strained silicon compounds with 
aldeh ydes and ketones.61 
2 . Cata l ysis a nd In it iation 
A very interesting aspect of th e deoxygenation re-
ac tion is the fact that only a " catal y ti c " amount of 
methoxide is r equired to effect compl e t e deoxygenation. 
A true catalvsis would reQen erate methoxide after each 
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act of deoxygenation, presumably by displacement from 
silicon (path A in Scheme 14). Alternatively, there-
action may be initiated by methoxide, the bulk of the 
disilane cleavage being the result of direct nucleo-
philic displacement by potassium trimethylsilanolate 
(17) (path B in Scheme 14). 
"""' 
Me3SiK + epoxide ----> Me 3SiOK +olefin 
17 
A: Me3SiOK+ Me3SiOMe --> MeOK + Me 3Si0SiMe 3 
17 
B: Me3SiOK + Me3SiSiMe 3 --> Me 3SiK + Me 3SiOSiMe 3 
.lL 
Scheme 14 
Path A is reasonable, assuming rapid attack of 
alkoxides on silyl ethers 27 (though this could best be 
represented as an equilibrium reaction). Our observation 
that 17 and hexamethyldisilane can be utilized in the ,...,.._, 
absence of methoxide to afford deoxygenation of epoxides, 
both stoichiometrically and with 0.1 equivalent of kL 
at rates similar to the methoxide-induced deoxygenations, 
shows that path B is permissible. In deoxygenations 
with a stoichiometric amount of potassium methoxide, 
hexamethyldisiloxane is observed in about 2:1 ratio to 
40 
methoxytrimethylsilane: the ratio rise s as the relative 
amount of potassium methoxide falls. Controls revealed 
that littl e of the hexamethyldisiloxane arises from th e 
hydrolysis of methoxytrimethylsilane during the workup. 
In the stoichiometric methoxid e caset redistribution of 
silyl ethers accord ing to path A mus t be occurring, for 
potassium me thox ide reacts fast e r with hexamethyldisilane 
under th ese conditions t han the resulting silyl anion 
deoxygenates epoxides to produce 17. Hence, the appear-
~ 
ance of h examethyldis iloxane must arise from reaction of 
17 and me thoxytr ime thylsilane (path A). 
~ 
It can therefore 
be concluded that the two pathways of Scheme 14 are both 
re asonabl e and permis sible in the epoxide deoxygenations 
involving less than one equivalent of potassium methoxide. 
3. E~e of Rate-determinin~ 
Several pieces of information point to the a ttack 
on epoxi de by trimethylsilylpotassium as being the rate-
determining step. In genera l, although no precise ki-
neti c s tudies were carr i ed out, vpc analyses of reac-
tion mixtures prior to completion of the reaction in-
dicated that epoxide di sappeared at th e same r ate as ap-
pearance of olefin. The i ne rtn ess of tetrasubstituted 
epoxides can be attributed to a high barrier to epoxide 
c l eavage. 
41 
The proposed mechanism of epoxide deoxyg enation 
(Scheme 15) involves three or more steps: disilane 
cleavage by potassium rne thoxide, epoxide cleavage by 
trime thy l si l ylpotass i um, and elimination (in one or 
more st e ps) of the s -silyl alkox ide anion. Disilane 
cleavage is very fast in HMPT at room temperature,l2 
and elimination from the pota ssium B-silyl alkoxide 
anion under the same conditions is complete with an 
hour. 42 Since the epox ide deoxygenation is much slower 
than either of th es e (three hours at 65° is required 
f or complet e deoxygenation), the remaining step, epoxide 
cleavage, must be rate-d e termining. 
+ 
HMPA 






OK _ _.) I 
SiMe3 
Our attempts to deoxygenate cis-cyclooctane 
epoxide to ~rans- cyc l ooctene with trimethylsilylpotas-
sium gave unexpected results. The epoxide wa s cleaved 
42 
to yield cyclooctyltrimethylsiliane (31), which was iso-
lat ed and characteri zed. Only a small amount of trans-
() t·le 3 S i K ---~ 
cyclooctcne was observed. Half of the epoxide was re-
covered unrea cted, despite the use of the usual excess 
of hexamethyldisilane. 
A straightforward explanation of these results en-
tails the cpoxide deoxygenation as the slow step, followed 
by rapid $-elimination to give the strained trans-
cyclooctene. Subse~uent reaction of trimethylsilyl-
potass i um wi th this strained o l efin would afford after 




cyclooctane thus reacts with two equivalents of trimethyl-
silylpotassium, as opposed to just the usual one equiva -
lent; the us ual amount of trimethylsilylpotassium there-
fore only reacted with half of the epoxide present . 
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Trans-cyclooctene is a strained and highly reactive 
olefin. Reaction of this moiety with trimethylsilyl-
potassium, a strong nucleophile, is not surprising . Al-
though we have not observed this type of addition to 
other olefins, similar reactions of trimethylsilyllithium 
with acyclic olefins have been reported to occur (albeit 
in low yield). 9 a 
2.~ 
Several derivatives of the trisubstituted epoxide 
6-methyl-5,6-epoxyheptane-2-ol, ~ derivatized via 
the hydroxyl group, were subject to the conditions of 
epoxide deoxygenation to determine what functional groups 
were compatible with a trimethylsilylpotassium. The 0-
tert-butyldimethylsilyl ether em gave a 51% yield of 
olefin (vpc), with the remainder starting material, with 
25 




the "catalytic KOCH3" procedure. The parent alcohol 
~, the 0 -tetrahydropyranyl ether em, and the a-
acetate (29) showed no catalytic deoxygenation. With ,..,.... 
one equivalent of potassium methoxide, in HMPT at 65°, 
44 
the p a rent alcohol and the acetate are consumed to give 
mi~tures containing many pr oducts, but littl e or no 
product of deoxygenation. The ket one 6-methyl-5,6-
epoxyheptan - 2-one (31) was recovered from the "ca ta-
~
l yt ic" r eact ion mixture are 24 h in 68 % yield, but less 
31 
than 1% deoxygenation to olefin ha d occurred. The re-
action of the ketone with one equivalent of pota ss ium 
rnethoxide gives complicated mixtures devoid of olefin. 
The reaction of the potass ium salt (un isolate d) of 
3,4-epoxy-4-methyl - 2-pentanol (33) with h exarn ethyldi~ 
"""""" 
silane, either i n HMPT or i n THF with crown ether present, 
produ c es a mixture of 16 or mo re products, none of which 
is major. The r eac t ion of the 0 -tr imethyl s ilyl e the r 
( 35 ) of the ab ove alcohol gave simil a r results. Un-
r ea rranged and rearranged olefin and epoxide, silylated 
and not, are among the products. While most alkenes 










R SiMe 3 ( 3 5) ,...,.... 
trimethylsilylpotassium (1.5 equivalent) to the trans 
isomer to the extent of 3% after 3 h (HMPT, 65°). This 
is much slower than the rate of silyl anion attack on 
epoxides. No products resulting from silyl anion addi-
tion to double bonds were observed, in contrast to re-
ports of trialkylsilyllithium addition to styrenes.9 
3. Conclusion 
Trimethylsilylpotassium, a strong base, nucleo-
phile, and one-electron donor, reacts with epoxides to 
give olefins with inversion of stereochemistry. The re-
action appear s to proceed via the potassium e-silyl 
alkoxide C2) formed from the SN2 attack of the sily l 
anion on the epoxide. This step appears to be rate de-
termining in the overall procedure. Subsequent stereo-
specific syn-elimination of 2 affords the olefin of in-
verted stereochemistry. (Cis epoxide yields trans 
olefin, and trans epoxide gives cis olefin.) The re-
action is convenient and preparatively useful. 
The byproduct of the reaction, potassium trimethyl-
46 
silanolate (17), effectively cleaves hexamethyldisilane 
"""" 
to yie ld trimethylsilylpotassium. Since the latter re-
agent is gener ated and r eacted in situ with epoxides, 
the overall reaction can be carried out with a small 
amount of potassium methoxide (relative to 1.0 equiva-
lent of epoxide and 1.5 equivalents of hexame thyl d is ilane). 
Ethers, tert-butyldimethylsilyl ethers, and remote 
alkoxide functions survive the r eac tion conditions. 
Functional groups which are r ea ctive toward proton ab-
s traction, nucleophil i c attack, or reduction by one-
electron donor reagen ts are incompatible with the trans-
formation. 
4 . 
Th e geometric inversion of olefin s has been a ch ieved 
by the process of syn - epoxidation, and treatment of the 
epoxides with trim ethyls i lylpotassiurn generated in situ 
from the reaction of h exarne thyldisil ane with potassium 
methox ide. The reaction was carried out primarily in 
THF (with 18-crown-6 e ther) ' or HMPT solvents, with 
sto i chiometric or "catalytic" amounts of methoxide. The 
scope and l imitations of the transformation were investi-
gated and s ome insight g l e aned of the mechanism involved. 
III. TRIMETHYLSILYL A~IONS. 




Although the ch emistry of trimethylsilyl anions has 
only recently r eceived attention, triphenylsilyl anions 
(fir s t prepared in 1933 1 ) have been studied for a quarter 
of a century. 2 Their reactions with aryl halides, par-
ticularly bromobcnzene, are well known. 3 , 4 , 63 Aryltri-
phenyl silanes, the products of aromatic substitution, 
are observed in moderate yie l ds, commonly about 50%. The 
remainder of the silylated products are triphenylsilanol 
and h exaph enyldisiloxane, the expected products of hydro-
lysis of triphenylsilyl halides, as well as hexaphenyl-
disilane, the precursor of triphenylsilyl anion, and 
ben zene (arene). 
In 1957, Brook and Wolfe63 carr i ed out a study of 
the reaction between triph enylsilylpotassium and bromo-
ben zene in ether . They concluded that the reaction 
proc e eds via two simultan eous pathlo.·ays, "normal couplin g" 
(resulting in aryltriphenylsilane) and halogen-metal 
interchange, with relative rates about 60:40 based on 
product ratios. The metalation r e ac tion leads to phenyl -
48 
p o tassi um, which is primarily quenched by the solvent to 
gi v e benzene, 64 plus bromtriphenylsilane, which also is 
not isolated, but either (a) reacts with more triphenyl-
s i l y lpot a ssium to give the disilane, or (b) in the ab-
s enc e of more triphenylsilylpotassium is hydrolyzed on 
workup to triphenylsilanol a nd hexaphenyldisiloxane. 
Pa th (a) is pursu ed under conditions of "normal addition" 
(adding bromobenzene to silyl anion), while (b) is fol-
1 ow·ed during "inverse addition" (adding the silyl anion 
to bromobenzene) experiments. Although it might be 
thought that the bromotriphenyl s ilane could silylate the 
phenylpotassium via SN2 di s plac ement, the authors show 
this to be s l ow relative to the proton abstra c tion from 
ether by phenylpotassium. 
The authors propose two cyclic four-centered inter-
mediate s (58 and 59) as leading to coupling and halogen -
metal e xchange, respectively 
R Si - - - K R Si-- - K 
' I ! I 
C:: - - -- Br 
I 
Br---c 
58 59 _... 
Both of these p a thways are interesting for a variety 
of reas ons. The halogen - metal interchange represents 
an un e xpecte d r e action which results in non-isolable 
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products; hence, the authors were forced to utilize in-
direct methods to demonstrate its existence. The coup-
1 ing reaction is very important in that it is known to 
be site-specific; 3 the silyl group becomes bonded to the 
same carbon atom that formerly held the halogen. Very 
few reactions are known in which unactivated aryl halides 
(in the absence of transition metals) couple with nucleo-
philes,GS excepting via benzyne intermediates, 66 from 
which cine substitution is commonly observed. 67 
B. 1- and Stann lsodium with Aryl 
Halides 
~
In his first report of the preparation of trimethyl-
silylsodium, Sakurail 2 noted its reactions with bromo-
benzene and chlorobenzene. The substitution product, 
phenyltrimethylsilane, was found in 44% and 30% yield, 
respectively. No other product (e.g., benzene) was re-
ported, though specific mention was made of the absence 
of biphenyl from the product mixture. This was perhaps 
deemed of interest because of the presence of the cor-
responding reductive dimer among the products of the 
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reactions of n-butyl halides and benzyl chloride with 
trimethylsil ylsodium. No mechanism was discussed, al-
though the possibility of one-electron transfer from 
the silyl anion was suggested, primarily because such a 
process had been observed with napthalene. 
Reactions of the corresponding tin anion, tri-
rnethylst annylsod ium, have been much more extensively 
Br 
studied.zc,d Thi s reagent effects the nucleophilic 
substitution of aryl halides, especially bromides. 
Studies of the mechanism of this r e action by Kuivila69 
have f oun d halogen- me tal int erchange to be an important 
pathway. A mechanism involving one- e l ec tron transfer 
and radi c al anion i ntermediates was considered and re-
j ec ted. 
C. ~_!l_meth lsilanes as In~~­
thesis 
~
Th e extreme t endency of aryltrimethylsilanes to-
ward el ec trophilic substitution has been extensively 
studied by Eaborn, who found rates of s ubstitution 10 4 
greater than the parent, unsubstituted arenes. 7 0 This 
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enables the introduction of electrophilic functions to 
an aromatic ring under mild conditions, at a specific 
site (previously occupied by silicon), regardless of 
E£ Halogen, H,D,RCO, etc. 
the directing effects of other functional groups present. 
Virtually all types of electrophiles known to replace 
aromatic hydrogen have been shown to substitute aryl-
trimethylsilanes.70 This method has already been put 
to use in organic synthesis, utilizing aryltrimethyl-
silanes both as synthetic intermediates, 71 and as re-
agents to transform other compounds.72 
During the course of our work in silyl anion chem-
istry, we chose to further investigate the reactions 
of trimethylsilyl anions with aryl halides. Our goal 
was to help elucidate the mechanism of this reaction, 
and to develop a n ew preparative method for aryltrimethyl-
silanes. 73 
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2. Results and Discussion 
A. 
Trimethylsilylpotassium and trimethylsilylsodium 
were prepared by the me thoxi de cleavage of hexamethyl-
disilane in J-ll'.1PT, as previously described, 1 2 -14 in the 
presence of the aryl halide. Further reaction occurred 
in si tu (Scheme 16). 
M = Na,K 
---:> 




Trimethylsilyllithium was prepared by the method of 
Still by the reaction of methyllithium with hexamethyl-
disilane in HMPT. 19 Solutions of aryl halides i n HMPT 
were th en added. (Scheme 17). In this fashion, reaction 







Butyllithium and po tassium phenoxide both cleave 
hexamethyldisilane, and have been used for silylations 
in the reactions above. Lithium methoxide cleaves hexa-
methyldisilane only ~ith difficulty, requ i ring days at 
elevated temperature (120°) to show a significant amount 
of reaction. 
The generation of tr ime thylsilylpotassium in THF 
solvent 1 3,l 4 was de scribed in the previous section. 
This method was also used to effect the silylation of 
aryl halides as i n Scheme 16, substituting THF and 18-
crown-6 ether for HMPT. The crown ether was effective 
in less than stoichiometric quantities. 1.5 Equivalents 
each of he xamethyldisilane and methoxide (or methyllithium) 
were used in all of the reactions of Schemes 16 and 17. 




Unactivated aryl halides can be silylated in good 
to excellent y ields by reaction with trirnethylsilyl 
anions. The yields compare favorably with other methods 
of direct silylation73 for aryl bromides and iodides. 
This may be the superior method for the trimethylsilyl-
dehalogenation of aryl chlorides. The only competing 
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process is reduction of the halide. Table I lists the 
results of the reactions of p-halotolucnes with tri-
methyls i lyll i thi urn, -sod i urn and -potassium, in HMPT. 
Yields were de tennined after work-up by v apor phase 
chromatography with decane as int e rnal standard. 
The products in Table IV, and indeed of all aromatic 
nucleophilic silylations examined thus far, give prod-
ucts of formal displacement at aromatic carbon leaving 
the halogen . No evidence of rearrangement, cine-sub-
stitution or other scrambling has been found. 
Q-x 
Me3 Si Si Me3 _______ ____,. 
KOMe 
HMPT/25° 
X= Cl, Br, I 
Q-siMe3 Q-H 
REL. RATES : I, Br» Cl 
The nature of the counterion, as is apparent from 
Table IV,has little effect on the outcome of the reac-
tion. This contrasts with the great counterion effect 
on the base - catalyzed elimination of S-hydroxysilanes, 
discussed in the previous s ection. 
Table IV. Reactions of Trimethylsilyl Anions with p-Halotoluenes 
in HMPT 
Substi t ution to 
Yield of Yield of Total Reduct i on Ratio 
Reagent Halide 43 % toluene,% Yield,% (43/toluene) ../V"o, ~ 
Me3SiK Cl 86 5 91 17 
Br 92 7 99 13 
I 68 26 94 2.6 
tn 
tn 
Me 3 SiNa Cl 87 5 92 17 
Br 91 8 88 11 
I 70 27 97 2.6 
Me 3SiLi Cl 69 4 73 17 
Br 84 7 91 12 
I 63 26 89 2.4 
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The nature of the halogen atom plays a large role 
1n the course of the reaction. This can best be seen 
in Table IV from the ratios of silylated product to 
reduced product. Thi s ratio is highest for the reac-
tions with chlorotolucne, somewha t lower for bromoto-
lu ene, and much lower for iodotoluene (a factor of about 
7 lower than chlorotoluene). In all cases, increased 
temperature results in lower silylation to reduction 
ratios. 
Table V discloses the results of the silylation 
r e a c tion, wherein the metal counterion (potassium) is 
held constant, while the halogen atoms and their posi-
tions on the ring are varied. The silylation to reduc-
tion ratio, previously noted to increase in the order 
I < Br < Cl for the p-halotolu enes, shows the same be-
havior in both the ortho and the meta series. Further-
more, the change is remarkably constant. The ratio de-
creases by a factor of between 1 and 2 upon passing 
from chloride to bromide, and further decreases by a 
f ac tor of 4-5 b e twe en bromide and iodide. 
A similar progression obtains in the comparison of 
posi t]onal isomers. The silylation to reduction ratio 
increases smoothly in the order ortho < meta < para for 
all halides examined. 
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Table V. Reactions of Trirnethyls il y l potassium wit h 
Ortho, Heta, and Parahalotoluenes in HMPT 
Halide para meta or tho 
Yield of Cl 86 88 69 
ArTMS, !'< 0 
Br 92 82 69 
I 68 56 40 
Yield of Cl 5 11 20 
Ar H, % 
Br 7 18 23 
I 26 44 55 
Total C1 91 99 89 
Yie l d, % 
Br 99 1 00 92 
I 94 1 00 95 
Substitut ion C1 17 8.0 3 . 45 
t o Reduc t i on 
Ratio Br 1 3 4 .5 3 . 0 
(ArTMS/ ArH) 
I 2 . 6 1. 3 0.73 
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The result s of th e reaction of aryl halides with 
trimeth ylsilylpotassi um, generated in THF via the 18-
crown-6 procedure,are shown in Table VI. 
The reaction appears to be less well -behaved using 
this procedure than in HMPT. The chloride isomers did 
not fully react, and m- and o-iodotoluene showed very 
little reaction. Increasing amounts of hexamethyldi-
sjJane and potassium methoxide did not affect this pat-
t ern. The problem may have to do with the crown ether, 
which was not used in excess. 
p-Iod~ and bromotoluenes reacted completely to give 
silylated and reduced products. The ratio ArTMS/ArH, 
however, i s much l ower in th ese reactions than in the 
re ac tions conduc ted in HMPT. This is particularly sur-
prising, because this ratio for all three chlorides in 
THF is somewhat higher than in HMPT. 
aromatics 
~
The reaction of aryl halides with trimethylsilyl 
anions is also useful in the case of halopyridines. 
Thus, 2-bromopyridine upon reaction with trimethyly-
silylpotassium gave an 80% isolated yield of 2-pyridyl-
trimeth ylsilane ~. Similarly, 3-chloropyridine and 
4-chloropyridine hydrochloride upon reaction with tri-
Table VI . Reac t ions of Trimethyls ily l pot assium wi t h Haloto luenes 
in THFa 
Yield, % Recovered 
Substitution Reduction Starting Material ArTMS/ArH 
ArX Cl Br I Cl Br I Cl Br I Cl Br I 
para so 77 48 2 . 5 23 23 47 0 0 20 3 . 3 2 . 1 
met a 29b 67c -- d 1. 5 33 - - 52 0 95 19 2. 0 
ortho 48b 44 d 13 52 39 4 95 3. 7 0.85 
U1 -- -- -- - tO 
aAt room t emperature f or 24 h , except where i ndicat ed 
bAt re f lux for 24 h. 
c45% isolated yield 
dLess than 5% react i on occurred. 
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methyl s ilyllithium gave re s pectively 3-pyridyl trimethyl-
silane (47) and 4-pyridy l trimethylsilane (48) in some-......,.,. ,........ 
what lower yields. No reduction product (pyridine) was 
found by vpc in any of the reactions of halopy ridines 
examined . 
In contrast, the reaction of 2-chlorothiophene with 
trimethylsilyllithium resulted in a 70% yield of thiophene, 
the reduction product, with no 2-thienyltrimethylsilane 
isolated. 
tO-sr 
Me 3 Si Si Me3 
OlsiMe~ -------+' KOMe 
80% 
~CJ 
Me3SiLi 0 l=fMp.r> s 
D. Reaction of Trimethylsilyl Anions with Aryl-
~~~~~~~~~~~~~~~~~~  
ammonium and Arylphosphonium Salts 
~~~~
In our efforts to extend the nucleophilic si l yla-
tion reaction to substrates other than halides, we 
examined briefly arylammonium salts and arylphosphoniurn 
salts . Preliminary experiments revealed that methyl -
triphenylphosphonium bromide reacted with trimethyl-
s ilyllithium to give the silylation product, phenyltri-
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methylsilane, in 54% yield. Phenyltrimethylammonium 
bromide reacted with trimethylsilylpotassium to give a 
19% yield of phenyltrimethylsilane. 
+ TMS 
R3 A-Ar ·~·~ .. ~ Ar-TMS + R3A 
HMPT 
(A = N,P; R Me,Ph) 
These r eactions could eventually prove useful in 
the indirect substitution of aryl amines and phosphines. 
E. Reaction of Trimethylsilyl Anions with Dihalo-
benzenes. Competition Experiments 
Dihalobenzenes react with trimethylsilylpotassium 
to afford bis-silylated products; the silylation to re-
Cl -{}-cJ 
duction ratio is lower than the mono-halotoluenes. Thus, 
p-dichlorobenzene reacted with excess trimethylsilyl-
potassium to give a 24% yield of p-bis(trimethylsilyl) 
ben zene (49). a-Dichlorobenzene gave solely products .....,... 
of reduction. No evidence for the formation of benzyne 
was found. The fact that dihalobenzenes undergo the 
reaction allowed two kinds of competition experiments 
to be carried out. In the first type, two different 
halobenzene s were allowed to compete for insufficient 
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silyl anion reagent. Bromobenzene was found to react 
ten times as fast as chlorobenzene with trimethylsilyl-
potassium 1n THF at room temperature. In turn, iodo-
ben z ene reacted three times as fast as bromobenzene. 
However, under conditions of Scheme 16 (HMPT sol-
vent), iodobonzene reacted only 1.1 times faster than 
bromobenzene with trimethylsilylpotassium. Bromobenzene 
reacted only twice as fast as chlorobenzene under these 
conditions. In an unu s ual competition, o-chlorotoluene 
was shown to react with trimethylsilylsodium in HMPT 
at a rate 1. 75 times faster than meso-4,5-epoxyoctane. 
The second type of competition experiment utilized 
was of the intramolecular variety, wherein a p-dihalo-
benzene with different halogens was allowed to react 
with insufficjent trimethylsilylpotassium in HMPT. In 
this type of experiment, the relative rates are deter-
mined by the product ratios , while in the previous type, 
relative rates must be derived from the differential 
loss of starting materials. 
In the case of 1-bromo-4-iodoben zene, products 
arising from iodide loss appeared in about 1.5 times 
the yield of products derived from bromide loss. 1-
Bromo-4- c hl oroben z ene, in contrast, reacted to give 
(95%) produc t s o f bromide loss (71 % of p-chlorophenyl-
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trimethylsilane (50) and 24% of chlorobenzene) plus (3%) .,...,.,...,... 
products of overreaction (2% of 1,4-bis(trimethylsilyl)-
benzene (49), and 1% phenyltrirnethyl si lane) with less 
~ 
than 1% products of solely chloride loss evident via 
vpc. Similarly, 1-chloro-4-iodobenzene gave only the 




Me 3 Si Si Me3 
------·-.. 
KOMe 
Br -{)-r Me 3 SiK H~1PT ) o- Br + o- I+ 
Me 3si--Q--Br +I --o-SiMe 3 
Scheme 18 51 52 
F. Deuterium Labelling Experiments 
Iodoben zene was reacted with trimethylsilylpotas: 
s i urn in ffi.1PT, then quenched with deuterium oxide. The 
reduction product, ben z ene, was isolated via preparative 
vpc and the percentage of deuterium incorporation 
analyzed by mass spectrum. 
When the reaction was quenched after 90 mln, only 
1.3 % deuterium incorporation was found. However, when 
the reaction was quenche d after only five min, the re-
covered benzene was 30 % enriched in deuterium (d 1 -
64 
incorporation). 
Similarly, the reaction of iodobenzene with tri-
methyl si lylpotass ium generat~d from hex ame thyldisilane 
and KOCD3 was quenched after two h with HzO, and the 
benzene isolated and analyzed via mass spectrum. In 
this instance, the reduction p roduct consisted of 64% 
benzene-d1. These res ult s are summarized in Scheme 19. 
Me 3 SiSiMe3 D2 0 
Phi ? --> Ph-H + Ph-D + Ph-SiMe 3 
KOCH 3, H~1PT 
7 3 
Me3SiSiMe3 HzO 
Phi :;::> ~ Ph-H + Ph-D + Ph-SiMe 3 
KOCD3, HMPT 
3.8 6.3 
These result s provide permissive evidence for the 
presence of two int e rm e diates, phenyl radical (abstract-
ing D· from CD 30-) and phenyl anion (quenched with D20). 
The implications in terms of the mechanism are discussed 
later. 
G. Attempted Cyclization Reactions 
~~_...._,...._~~ 
A sample of o-chloropropylbenzene (53) was pre-,...,.., 
pared and reacted with trimethylsi1yl potassium accord-
ing to Scheme 16. Two products we re obtained, i solated 
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by preparative vpc, and found to be the expected products 
of straightforward reduction (propylbenzene) and silyla-
tion (o-propylphenyltrimethylsilane, 54). ,..,.._ 






thesized 74 and reacted with trimethylsilylpotassium. 
In this case, the three products found were o-allyloxy-
phenyltrimethylsilane (56), allyl phenyl ether, and 
""""' 
2,3-dihydro-3-methylbenzofuran (59). The cyclic product .....,....,... 
is suggestive of an intermediate o-allyloxyphenyl 
radical, which is known to readily cyclize to form 
(after hydrogen abstraction) 59. 74 We have observed 
/W'o. 
a similar ring ' closure reation upon treatment of 
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SiMe 3 
o-chlorophenyl allyl ether with lithium and chloro-
trimethylsilane in THF. The observed product was 2,3-
dihydro-3-(trimethylsilylmethyl)benzofuran. 
H. Limitations 
Fluorobenzene did not react with trimethylsilyl-
potassium in HMPT, even after 24 h at room temperature. 
Anisole was similarly inert, precluding any attempt at 
another catalytic reaction sequence. Phenyl mesylate 
gave products of nucleophilic attack at methyl, instead 
of aromatic subst i tution. 
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The basicity of trirnethylsilyl anions should preclude 
the silylation of compounds with acidic protons. Iso-
lated double bonds are not affected by trimethylsilyl 
anions; however, the attempted silylation of a e,y-unsatu-
rated aromatic halide resulted in isomerization of the 
double bond into conjugation with the aromatic ring, 
and concurrent reduction of the halide. Preliminary ex-
periments showed that p- and o-halobenzoic esters could 
be silylated in fair yield. 
X 
X OR,F,OS0 2 Me 
Cl 
HMPT 
p-Iodotoluene showed little or no reduction by potas -
sium methoxide in HMPT in the absence of hexamethyldi-
silane. No methylanisole was found by vpc in this or 
any of the reactions in Table IV-VI. Bitolyl was simi-




Five possi ble rnccha.nisrns of nucleophilic aromatic 
silylation are depicted in Scheme 20. These are: (a) 
substitution via benzyne intermediates; (b) an addition-
elimination mechanism; (c) direct, concerted substitution 
(d) halogen-metal exchange, followed by silylation of 















The mec hanism of pa th a can be dismissed in view of 
the stereochemical results; no c ine-subst itution is ob-
served. The direct subs titution pathways (b and c) are 
more difficult t o exc lude. However, path b is usually 
followed only with aryl syst ems bearing eJectron-with-
drawing groups (eg N0 2 ) which stabilize the anionic in-
t ermediate.67 The concerted, four-center mechanism of 
path c, wh ich was suggested by Brook for the reaction 
of triph enylsilylpotass ium with bromobenzene, 63 does 
not i nvo lve an int e rm ediate, but has as yet no precedent. 
Ei ther pathway (b or c) requires the introduction of a 
second mechanism to account for the reduction product. 
The phenyl anion intermediate (path d) was also 
suggested by Brook. 63 We found that, the quenching of 
the reaction of trimet hylsilylpotassium and iodoben zene 
with D2 0 (5 min after i nitiation) affords reduction 
product (benzene) with 30% d 1 incorporation, as deter-
mined by mass spec trome try. Thi s suggests that at 
leas t a portion of the reaction may involve a phenyl -
potassium intermediate. Furth e rmore, the finding of 
only 1 % deuterium incorporation in the r e duction prod-
uct when the reaction was quenched aft e r90 min indicates 
that (the presumed intermediate) phenylpotassiurn is 
highly r eac t ive in this r eact ion medium. Hence, 30 % 
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may be only a lower limit for the portion of the reac-
tion proceeding via a phenyl anion intermediate. 
When the trimethylsilylpotassium used to silylate 
iodobenzene was generated from the reaction of hexa-
methyldisilane with CD 3 0K, the reduction product ob-
tained after quenching with H2 0 had 64% d 1 incorpora-
tion. This is permissive evidence for the presence of 
a phenyl radic a l intermediate. While CD 3 0K is a poor 
acid, it is a good hydrogen atom donor, as shown by 
Bunnett during his studies of the methoxide ion reduc-
tion or aryl iodides. 76 His proposed mechanism for this 
reaction is shown in Scheme 21. 
R· + CH 30 > RH + ·CH2 0 
CH 2 0 + Ari :> ·CH2 0 + [Ari]~ 
[Ari]- ;;::> Ar· + I 
Ar· + CH 3 0 ----> ArH + ·CH 2 0-
Scheme 21 
This mechanism in itself can explain the source of 
reduct:ion product only. In fact, controls showed that 
potassium rnethoxide and iodobenzene in the absence of 
hexamethyldisilane do not react to give significant 
amounts of reduction product, in HMPT at 65°. Similarly, 
Bunnett found that the presence of a radical initiator 
was required to e ffect reduction (in methanol) .6 3 
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A type of mechanism involving sily l anions as 
initial electron donors to the aryl halide to generate 
aryl radi ca ls proviJes a fifth possibility. The inter-
~~~--~_i_a _~~ -- ~-ry_~--~~_a_di_ca}s in this mechanism could then 
choose from four furt her paths (Scheme 22): coupling 
with trime thy lsil ylpo tassium (SRN 1 ) 75 (see Scheme 23) 
to give sily lated product, one electron reduction to 
phen y lpotassium, c oupling with trimethylsilyl radical, 
or hydrogen abstraction to give reduction product. 
Radical anions of a ryltrime thyl si lanes (forme d from the 
first rout e ) are well characterized in other systems. 77 




-- ·-Me ,3Si · 
R-H -- - .._.> Ar-H 
Scheme 22 
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Me3Si + ArX -> Me 3Si· + [ArX] 
[ArX] -> Ar· + X 
Ar · + Me 3Si -> [ArSiMe 3] 
[ArSiMe 3 ] + ArX -> ArSiMe 3 + ArX 
Scheme 23 5
RN 
1 Mechanism 7 5 
We sought to obtain further evidence for the inter-
mediacy and lifetime of these aryl radicals. Two aryl 
radicals which might be expected to undergo intra-
molecular cyclization are o-propylphenyl (59) 7 8 and o-,...,... 
allyloxyphenyl (60).74 In particular, the known cycliza-,....,.., 
tion of 60 is very rapid; the rate at 130° was recently 
Scheme 24 
By the mechanism of Scheme 22, the silylation of 
aryl halides 53 and 55 should generate the radical inter-,...,... """' 
mediates 59 and 60, respectively. In fact, the reaction 
"""""" ,..,...,... 
of 5B with trimethylsilylpotassium in HMPT ,....,.... . 
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resulted in cyclized as well as uncylized products. 
(No cyclized products were found in the silylation of 
53) . 
"""" 
53 ...- 54 
"""' 
59 
R = SiMe3 (56) 
R = H 
Scheme 25 
These results suggest the intermediacy of aryl 
radicals. A rough calculation of the rate of silylation 
(k ) can be carried out, using the relation cap 
U/C = k [M]/k , by inserting appropriate values cap eye 
fork , the rate of unimolecular cyclization; [M], eye 
the concentration of silylating species and the observed 
ratio of products, uncyclized to cyclized where 














the maximum concentration of trimethylsilyl anion, and 
kcyc is assigned the reasonable 7 9 value of ~ 106 at 
25°, then kcap ~ 2 x 10 6 . 
3. Conclusions 
The reaction of aryl halides with trimethylsilyl 
anions in HMPT provides good yields of aryltrimethyl-
silanes, useful synthetic intermediates. The choice 
of alkali metal cation is unimportant, while the nature 
of the halide ion has a significant effect on the out -
come of the reaction. Chlorides and bromides give high 
yields of silylated products, while iodideg give some-
what lower yields, with correspondingly increased amounts 
of reduction products. In the halotoluenes, para iso-
mers give better yields of silylation product than meta 
isomers, which in turn gives better yields than the 
ortho isomers. The reaction is regiospecific, with the 
76 
trimethylsilyldehalogenation occurring at the carbon 
bearing the halide. Quarternary ammonium and phosphon-
ium salts containing at least one aryl group also under-
go nucleophilic aromatic silylation. 
We have permissive evidence for the reaction pro-
ceeding via both aryl radical and aryl anion intermedi-
ates. The radical intermediates, if formed, must be 
captured to give noncyclized products at a rate ap-
proaching the diffusion-controlled limit, possibly via 
subsequent radical-radical recombination or electron 
transfer. A combination of competing mechanisms also 
accounts for the results. 
It should be cautioned that the mechanism of the 
silylation may be different in THF and ether than in 
HMPT. The silylation to reduction ratios of the bromides 
and iodides are different in a diffe rent solvent. The 
reaction of an aryl chloride was shown in a competition 
study to proceed faster than epoxide reac tion in HMPT, 
whereas in THF, the aryl chlorides react much more 
s lowly. Thus, the extension of these conclusions to 
the reaction of trimethylsilyl and triphenylsilyl anions 
in other solvents is not warranted without further in-
v estiga tion. 
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4 . §_~_JTL.E_~~!L 
The nucleophilic trimethylsilylation of unactivated 
aryl halides has been found to be a synthetically use-
ful reaction. Limitations and extensions of the reac-
tion were examined. Permissive evidence has been ob-
tained for the presence of both aryl rad jca l and aryl 
anion intermediates in the r e action. 
IV. TRIMETHYLSILYL- AND TR I METHYLSTANNYL-
SUBSTITUTED TRANSITION METAL CARBENES 
78 
1. Introduction 
A. S nthesis of Transition Metal Carbenes b Re-
action of Metal Carbon ls with Nucleo hiles 
One of the most rapidly developing areas in the 
field of organometallic chemistry is that of transition 
metal carbene complexes. E. 0. Fischer synthesized 
methylmethoxycarbene pentacarbonyltungsten, (61), the ,...,... 
first example of this class of compound, in 1964. 8 0 
Since that time, many more carbene complexes have been 
prepared,ai,az involving every stable transition metal 
in Groups VI, VII, and VIII in both mononuclear and 
polynuclear complexes. 
Complexes vary considerably in stability; the most 
stable share the following characteristics with 61: .......... 
Group VI metal with carbonyl or other electron-
accepting ligands, and at least one hetero-atom bonded 
to the carbene carbon. 
61 ,..,...,.... 
The generally accepted explanation of these trends 
is that the resonance depicted in Scheme 27, placing 
negative charge on the metal, is an important contribu-
tor to theelectronic structure of carbene complexes, in 
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analogy with resonance in carboxylic acid derivatives. 83 
Factors which minimize the importance of resonance struc-
tures 63 and 64 should destabilize the carbene complex. ,...,..._,._ 
+ 
X 
LnM == C<R 
+ X 








---X - +~X 
0-C~R 
- ~X o-e<: ---._R <~--- > <-~ 
Scheme 27 
Other observations support this view. Thus,~ 
is thermally more stable than its 0-trimethylsilyl 
analogue, 84 presumably because d e localization of the 
R 
oxygen lone pairs into empty low-lying si licon d orbitals 
decreases the contribution of ~to the resonance hybrid. 
Also, x-ray data show that X-C b bond to be shorter car ene 
than expected for a single bond, in several complexes.BS 
PMR spectral data suggest hindered rotation about this 
bond,B6 while there is believed to be little barrier to 
rotation about the C-M "double" bond.B 7 
We felt that, since a lar g e number of relatively 
stable transition metal analogous of carbonyl compounds 
are known, perhaps a similar analogue of the simples t 
such compound, carbon monoxide, could be prepared. 
80 
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Scheme 28 
The hypothetical molecule ~ is not as implaus-
ible a structure as it may first appear. A case can 
be made for significant stabilization via resonance 
delocalization in the manner of carbon monoxide (Scheme 
28). The resonance form involving a triple bond be-
tween carbon and the metal is isoelectronic with transi-
tion metal carbyne complexes, well known from the work 
of Fischer.91 
The triple bond between carbon and the metal in 
resonance form 66 involves placing positive charge on 
""""' 
the metal, which suggests that the sameligands (such as 
CO) which are commonly incorporated into complexes like 
61 will destabilize 65. Ligands such as phosphine, ,...,.... ~
which can better stabilize positive charge at the metal, 
may prove to be better choices in the synthesis of~· 
81 
In addition to theoretical arguments, limited em-
pirical evidence exists for the generation of this mol-
ecule. Rees and von Angerer9 2 reported that the photo-
lysis of the diphenylcyclopropylidene carbene complex 
67 liberated diphenylacetylene. The fate of the metal ,..,... 
was not reported. This transformation involves, at 
least formally, the generation of 65. Indeed, the ,..,.,... 
repetition of this photolysis at low j temperature repre-
sents an alternative approach to such generation, with 








B. Alpha-elimination Reactions Involving Silicon 
One potential route to 65 is the alpha-elimination ,...,.... 
of the nonmetal ligands from the carbene carbon in 68. _..,.... 
Similar a-eliminations of trimethylsilylalkoxy moieties 
occur with facility, and have been used to thermally 
generate silylenes,9 3 carbenes,9 4 and nitrenes.95 Most 
recently, vinyl carbenes have been produced by fluoride 
ion initiated a-desiloxations. 96 We wished to prepare 
82 
trimethylsilyl- and trimethyltin (alkoxy) carbene com-
plexes, with the hope of obtaining 65 via similar a-
""'" 
elimination reactions (Scheme 30). 89 
/SiMe 3 F 
L· M=C > LnM"'C: 
n ""'OR (?) 
68 65 ........,.. 
Scheme 30 ~
While a-eliminations have not been observed in the 
tin series, reports of facile migrations from carbon to 
oxygen in other systems 97 suggest the possibility of 
utilizing trimethyltin carbene complexes in the above 
reaction. 
C. Reaction of Metal Carbonyls with Silyl Anions 
Prior to the beginning of our efforts in this area, 
only one report of similar silyl-substituted carbene 
complexes had appeared in the literature. Fischer pre-
pared the complex -69 by a sequence analogous to his --






Ph 3 Si 
We set out to prepare the corresponding trimethyl-
silyl and trimethyltin complexes by the same general 
route, and to attempt their a-eliminations. Since we 
feared that 65 might, even if formed, be quite unstable, 
"""""' 
we sought a suitable trapping agent. Simple olefins 
suffice to trap the vinylidene carbenes as cyclopro-
panes. For 65, a more suitable reagent appears: di-
'""""-
phenylacetylene. The r esult of carbene-type addition 
of 65 would be the known (for M = chromium 9 9 or molyb-
denum92), very stable cyclopropenylidene complexes~· 










During the course of this work, Graham 1 0 D reported 
the synthesis of cationic carbene complexes Re(C0) 3 -
(diphos) [CO(OEt)SiPh 2 R] by similar routes (R ~ Ph, Me). 
His attempts to prepa r e the corresponding trimethylsilyl 
complex were abandoned due to the lability of the inter-
mediate acylsilane complex. 
2. Results and Discussion 
tion Metal Carbene 
elimination 
~~
Our interest in trimethylsilyl(alkoxy)carbene com-
pl exes em' emerged from our not ion that these compounds 
might serve as double carbene (atomic carbon) equivalents. 
Since both a-alkoxytrimethylsi1anes 94 and transition-
me tal carbene compl ex es 82 have been used as carbene or 
carbenoid precursors, compounds (68) which embody both ,...,... 
of these functions might well undergo both sets of 
elimination reactions. This idea is presented in 
Scheme 32. 
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(CO) 5M= C ! 
~ 
65 ,....,...,.... 
The reagents and conditions in Scheme 32 are not 
specified, represented only by the letters a (for de-
metalation) and b (for desilyloxation). Ideally, a and 
b should differ, such that the reactions can be carried 
out sequentially, and the intermediates (or their 
trapped products) isolated. In addition, relatively 
mild conditions are desirable. We felt conditions could 
be found which satisfied these requirements; and, in 
fact, that 68 would prove to be an ideal precursor for ........... 
the reactions of Scheme 32, if precedented means of ac-
complishing similar transformations in other systems 
proved effective. Such methods are (a) thermolysis at 
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relatively low temperatures, in the range 55-130°, which 
effects carbene transfer from phenyl(methoxy)carbene 
transition metal complexes, 82 and {b) nucleophilic cata-
lysis at 0° by fluoride ion, which results in disilyloxa-
tion of (o-trimethylsilyl)vinyl triflates.96 These are 
among the mildest conditions known for carbene generation. 
Of course, the carbene and atomic carbon intermedi-
ates in Scheme 32 are not expected to be stable, while 
the stability of 65 is unknown. Hence, they will be 
isolable only in the form of trapped derivatives (with 
the possible exception of 65). These derivatives may --
well be inaccessible by conventional means, signifying 
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Scheme 33 illustrates another advantage to the 
sequentia l generation of a double carbene equivalent, 
as opposed to its direct preparation. The direct method, 
including sequential generation in which the r eac tion 
cannot be stopped at the intermediate stage, results 
after trapping in the symmetrica l product 70. ,...,....,.... In con-
trast, the sequent ial genera tion could allow the prepara-
tion of 71, with all four s ubstituents different, or any 
~
numb e r equivalent, and thus is more flexible than the 
direct method. 
Our efforts to reali ze the above transformations 
have not bee n rewarded to date. We have concentra ted 
on the right hand route of Scheme 32, attempting the 
nucleophilic desilyloxation of~ which we have prepared 
for the first time. We have no evidence, however, for 
the generation of~. Th e complexes ~ and their re-
lated trimethyltin deriva tives under go other reactions 
de scribed below, which are not repres ent ed in Scheme 32. 
B. ~~caches to Trimethy~ 
and Chromi urn Car b en e Complexes 
~~~~~~~~~~--~ 
Initially, we were unsuccessful in our attempts to 
prepare (CO) 5 Cr [ C (OCH 3 ) SiMe 3 ] c.z.!) via the route of 
Scheme 34, utili zing Still's procedure for preparing tri-
88 
methylsilyllithium19 and methylating with methyl fluoro-
sulfonate rather than trimethyloxonium tetrafluoro-
borate.101 
Me 3 SiLi 









CH 2 C1 2 
OMe 
(CO)sCr=\ 
Scheme 34 SiMe3 
72 
"'""" The difficulty lay in the presence of h e xamethyl-
phosphoric triamide (HMPT), which frustrated attempts 
at purification of 72. We next attempted to isolate the 
"""" 
intermediate acylsilane anionic complex from an aqueous 
medium as its tetraethylammonium salt . This procedure 
has been used to free [Ph 3 SiW(C0) 5 ]- from HMPT.10 2 
However, the trimethylsilylacyl anion complex does not 
survive treatment with water, decomposing to s tarting 
material and other metal-containing products l acking 
the trimethylsil y l group. Thus, we returned to the 
direct route. 
It was finally discovered that, b y the us e of a 
jacketed chromatography column cooled to 10°, 72 could ,...,..,... 
be chromatographed over Silica Gel as a y e llow, very air-
sensitive oil. Th e ir spectrum s hows the e xpected three 
absorptions in th e carbonyl region a t 2010 , 1980, and 
89 
1940 cm- 1 • This compares with 2060, 1963, and 1946 re-
ported for 69. The 13c nmr spectrum provides very strong 
evidence, for transition-metal carbene carbons resonate 
farther downfield t han any other type of carbon, includ-
ing those of carbenium ions.l03 Compound 69 possesses ......,...,.. 
the largest shi f t reported in the literature (431 ppm) ,98 
We dete rm ined a shift of 425 ppm for the carbe ne carbon 
of 72. 
~ 
Having secured the trimethylsilyl carbene complex, 
we attempted its a-elimination (path b in Scheme 32) 
without success. Tetrabutylamrnonium fluoride, benzyl-
trimethylammonium fluoride, and potassium fluoride/18-
crown-6 ether all failed to react with 72 in the pres-
ence of diphenylacetylene. Potassium methoxide resulted 
in the destruct i on of 72, but no trapping to form 67, .....,.. .....-.. 
as seen both from the ir (decay of carbonyl absorptions 
due to 72) and pmr (lack of new aromatic protons from ,..,..,.... 
67).104 ,....,...,.... 
The failure of the a-elimination to proceed may 
be the fault of the poor leaving-group ability of 
methoxide, which is much worse than the extremely "hot" 
leaving group trifluorome thanesulfonate. Thus, we 
sought to prepare (C0) 5 Cr[C(OR)SiMe3], R tosylate or 
triflate. Unfortunately, the s e complexes, if formed, 
90 
were extremely unstable. We were unable to character-
ize them as carbene complexes. 
Metal carbene complexes have been convincingly 
shown to be intermediates in the metathesis of olefins.l05 
Since the complex (CO)sW[C(OMe)Ph] is the only example 
of a "stabilized" carbene complex (bearing a hetero-
atom on the carbene carbon) which has yet been shown 
to initiate metathesis, 1 D 6 and this only with very re-
active olefins, we sought to initiate olefin metathesis 
with 72. Unfortunately, the complex again proved unre-.--.. 
active. 
We then turned to the preparation of the chromium 
and tungsten complexes (CO)sMIC(OMe)SnMe3] CUJi and ZJ.Q. 
respectively) via the route of Scheme 35. 
Me 3 SnLi 
(CO) 6M -----7 
THF 
Me 3 Sn > ~M(C0) 5 
MeO 
Scheme 35 ~ 
a (m=Cr) b (M=W) 
Fortunately, HM:PT is not required for the pro-
duction of trirnethyltinlithium, and was absent from 
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the product mixtures containing ?1: Thes e complexes, 
in acetone solution, we re filtered from inorganic salts 
and c haracteri zed or us e d in further reactions wi thout 
further purifi ca tion . (In fact, 73 is not stable on 
""""-
Silica Gel, decomposing to a gray, i n t ractable sludge). 
Both complexes 73 gave plausible ir and nmr spectra . ....,.._ 
The carben e carbons were s een i n the 1 3c nmr at about 
100 ppm upfield of the silylc arbenes 69 and 72. This ......- .............. 
1s, however, still well downfield, and consistent with 
most c a rb ene complexes. 10 2 The chromium derivative 73a 
is an oil; the tungst e n complex 73b is a solid, which 
~
decomposes at 80°, but appears more stable to heat and 
oxygen, than 73a. The same experimental c onditions 
~
used to att empt a-elimination of 72 were tried with 73 
'"""- ""'"'"'-
resulting in a similar lack of success. In addition, 
73 was reacted with butyllithium,resulting in a solid 
"""'-
which by pmr appeared to be the r e sult of attack on the 








However, the resulting complex was too unstable to be 
fully characterized. Possibly, a larger alkoxy group 
~ould serve to hinder nucleophilic attack at the carbene 
carbon, thus promoting attack at tine 
n. mm~l~-i.,.J):JJ!!,Ub~--9-»-~ 
~~~~exes. A Preliminary Re-
~ 
1. Alkenes 
Repeated attempts to polymerize 1-hexene with tri-
methylsilyl- and trimethylstannyl carbene complexes re-
suited in no new olefins. However, when complex 73b 
~
(M=W) was heated in the presence of norbornene (a reac-
tive olefin toward metathesis) to 80° for 12 h, a poly-
mer resulted which exhibited spectral characteristics 
in accord with the polymer reported to result from the 
metathesis of norbornene. 1 D8 Thermolysis of 73a and .,....,...,.._ 
73b was examined for carbene or carbenoid formation. 
The products which might have been expected are tri-
methyltin cyclopropanes or bis(trimethyltin)oJefins, or 
(in the case of destannyloxation) cyclopropenylidene 
complexes f1 (Scheme 36). Neither these nor any other 
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Scheme 36 
Future modifications of the procedure of Schemes 34 
and 35 (synthesis of the carb en e complexes) may aid in 
the attempt to effect desilyloxation (path b in Scheme 
32). The silylation, rather than methylation of the in-
termediate s ily l acyl anion complex, would yield li' 
which (as discuss ed ab ove) should e xhibit a weaker bond 
between oxygen and the carbene carbon - a bond which is 
broken during desilyoxation. The acylation of the tin 
acyl an i on complex ought to provide 75 . This carbene ........... 
complex , in addition to posses s ing a weakened bond be-
tween oxy gen and the carbene carbon (again due to 
resonance e f fects decreasing the electron density at 
the a-oxygen available for bonding to the carbene car-
bon), conceivably could undergo the desired elimination 
94 
via a five-centered transition state (Scheme 37). Pre-
cedent exists in the literature for similar cyclic e-
limination processes of tin esters. 97 The synthesis of 
acyloxy-carbene complexes of chromium and tungsten has 
recently been described by Fischer.l09 
=< 
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Although the pol)~erization of acetone has been 
shown via tl1ermochemical estimates to be an ener-
getically unfavorable process, 1 09a several reports of 
its experimental realization have emerged.l09 Most 
of these were subsequently shown to actuall y involve 
the condensation of acetone under basic catalysis to 
give triaceton e alcohol (2,6-dimethyl-2,6-dihydroxy-
heptan-4-one) .110 Thus, a true polymerization of 
acetone at present h as little theoretical or experi-
mental support. 
Whil e the gel obtained in our experiments is not 
triacetone alcohol on the basis of the pmr, the exact 
identity and constitution of the compound remains un -
clear. Further elucidation has been h ampered b y its 
instability, and the difficulty of separating acetone 
monomer. On one occasion, a slight excess of methyl 
lithium in the preparation of the carbene complex led 
to the formation o f triacetone alcohol , as revealed by 
pmr. This proc ess appears to be more favorable than 
gel formation, if excess base is present. 
Initial observations of exothermic gas evolution 
in the reaction of 73b with butanal led to further in-
~
vestigation. No polymer or gel was found. The pmr 
analysis of the trapped gas evolved showed only 
96 
butanal; the ir showed the same, plus some carbon mon-
oxide. 
E. Attempted Generation of Carbene Complexes Via 
the ~-hydroxysilane Anionic Elimination 
In analogy with our work in epoxide deoxygenation 
via trimethylsilylpotassium, we investigated the fea-
sibility of generating a transition-metal intermediate 
such as 76, similar to the anion of a 8-hydroxysilane. ,...,.... 
Such an intermediate might well undergo a - elimination 
to give a metallocarbene. While the protonated, 
neutral form 77 would probably suffer rapid S-elimina-,..,... 
tion in a different sense, 76 might not ~cheme 38). ,....,.... 













Our approaches to 76 consisted of sequential treat-
-"~'-
ment of pentacarbonyltungsten dipotassium111 with 
chlorotrimethylsilane and an aldehyde (Scheme 39) . 







W(CO)s 81 --. 
Scheme 39 
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We attempted both sequences shown. The initial 
silylation resulted in the presumed silylated mon-
anion 78, as expected on the basis of the work of 
Ellis.llO Upon reaction of this mixture with gaseous 
formaldehyde or liquid butanal, no apparent reaction 
occurred. Vpc analysis revealed no ethylene or 4-
octene, respectively, as should have been produced 
from the carbene complex.ll 2 
One possible drawback of this route is the fact 
that a seven-coordinate tungsten intermediate is re-
quired (80). While seven-coordination is known for 
~ 
tungsten complexes, it is rare, and probably destabil-
ized by steric interactions.113 
The reverse sequential route of initial aldehyde 
condensation followed by silylation appeared more 
promising. In this case, while the same intermediate 
80 could be obtained, an attractive a]ternative route 
includes silylation on oxygen, rather than the metal, 
to yield 81. This intermediate would be just as likely 
to s-eliminate as would ~· This route avoids any 
seven-coordinate intermediate. 
Unfortunately, this method also failed at the 
point of aldehyde condensation. The addition of formal-
dehyde resulted in its polymerization, presumably due to 
99 
electron transfer from the metal dianion . In fact, the 
desired transfonnation of metal dianion to JJ. may well 
be an endothermic process, given the stability of the 
carbonyl pi bond and the relatively weak nature of the 
metal-carbon bond formed . ll4 
3. Conclus ion 
Trimethylsilyl and trimethylstannyl methoxycarbene 
compl e xes of cJnomium and tungsten, while unstable, can 
be prepared. For the most part, their reactivity paral-
lel s that of the more reactive types of transition 
metal carbene compl exes (such as initiating olefin meta-
th e sis), rathe r than less r e active complexes (which can 
act as carbene transfer agents). Efforts to effect the 
a -el i mina tion of the non-met a llic carbene ligands have 
not b e en successful. Re actions of the se carbene com-
plex es with a c etone have been investigated. 
4. Surnmarv 
We have succeeded in the synthes is of trirnethy l-
silyl- and trimethyl s tanny l- s ubs tituted carbene complex es 
of t ran s ition met a l s . Altho ugh our initial goal of 
effec ting a- e limination reac t ion s of the s e c omp lex e s has 
100 
not b~~n realized, the reactivity of these complexes has 
been investigated, and their successful initiation of 
olefin metathesis shown. We offer suggestions which may 
aid in future attempts at effectirig the a-elimination 




All reactions involving the generation and use of 
silyl anions were carried out under an argon atmosphere 
under anhydrous conditions using syringe techniques for 
transfer of liquids. 
Elemental analyses were performed by the Caltech 
analytical facility. Melting points were obtained using 
a Thomas-Hoover capillary melting-point apparatus. 
Boiling points are uncorrected. Temperatures are given 
in degrees C. 
Proton nuclear magnetic resonance (pmr) spectra were 
obtained on a Varian Associates A-60A or EM - 390 Spectrome-
ter. Chemical shifts are reported as parts per million 
downfield from tetramethylsilane in o units and coupling 
constants in cycles per second (Hz). Spectra were ob-
tained in deuteriochloroform or carbon tetrachloride, 
with tetramethylsilane, chloroform, or dichloromethane 
as internal reference . Proton magnetic resonance data 
are reported in the order: chemical shift; multiplicity, 
s = singlet, d = doublet, t = triplet, m - multiplet; 
number of protons; coupling constants; assignment. 
Infrared spectra (ir) were recorded on a Perkin-
Elme r 257 Grating Infrared Spectrophotometer as neat 
films, or in chloroform solvent. Mass spectra were 
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recorded by the Caltech analytical facility on a Dupont 
21-492B mass s pectrometer. 
Analytical vapor phase chromatogrphy (vpc) was per-
f o rmed on a Hewlett-Packard 5700 A Gas Chromatograph 
with flame ionization detector, equipped with a Hewlett-
Packard 3370B di g ital integrator for quantitative 
analysis. Nitrogen was used as the carrier gas. Pre-
parative vapor phase chromatography was carried out on 
a Varian Associate s 920 Gas Chromatograph with thermal 
conductivity detector, using helium as the carrier gas. 
Analytical columns were packed in 0.125" stainless 
stee l tubing, whereas preparative columns were packed 
in 0.375" aluminum columns. All columns of both types 
a r e listed in Table VII . 
Peak assignments during analytical work were made 
by coinjection of authentic samples. Yields of olefins 
were determined after workup b y comparison with an in-
ternal standard of known quantity. Ratios of detector 
response factors were measured, as given below, and 
taken into account. 
Most reagent grade chemicals were used without 
further purification, as obtained from Chemical Samples 
Company (olefins); Orgmet, Inc., (metal carbonyls, hexa-
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Table VII. Vpc Columns 
Column Designation Description 
8,8 10' x 0.125", 10% 8,8-oxypro-
priondinitrile on 100/120 







10' x 0.125", 10% dibuty1 
tetrach1orophtha1ate on 100/ 
120 Chromosorb P A/W 
20' x 0.125", 10% dibutyl 
tetrachlorophtha1ate on 100/ 
120 Chromosorb P A/W DMCS 
10' X 0.125", 25% SE-30 on 
100/120 Chromosorb P 
10' x 0.125", 10% SF-96 on 
100/120 Chromosorb P A/W 
22' x 0.125", 5% Tricresyl 
Phosphate on 100/120 Chromo-
sorb P A/W DMCS 
10' X 0.125", 10% UCON-550X 
on 100/120 Chromosorb W. 







10' X 0.375", 25% f3,{3-oxypro-
priondinitri1e on 60/80 
Chromosorb P 
10' x 0.375", 25% Carbowax 20M 
on 60/80 Chromosorb W 
10' x 0.375", 25% dibuty1 tetra-
ch1orophtha1ate on 45/60 Chromo-
sorb A 
5' x 0.375", 25% QF-1 on 
60/80 Chromosorb P A/W 
2 0 ' X 0 • 3 7 5"' 2 5% SE- 3 0 
on 45/60 Chromosorb P 
10' X 0.375", 25% SF-96 
on 45/60 Chromosorb A 
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methylditin); and Aldrich Chemical Company and MCB, Inc. 
(most other reagent chemicals). Hexamethyldisilane was 
initially obtained from Columbia Organics, and later 
prepared as described below. 
HMPT was distilled in vacuo from lithium wire and 
redistilled from calcium hydride. Benzene and dichloro-
methane were distilled from P2 0 5 under nitrogen. Tetra-
hydrofuran and other solvents were distilled from the 
sodium ketyl of benzophenone, under nitrogen. 
Sodium methoxide and potassium methoxide were trans-
ferred in a dry box from a freshly opened reagent bottle 
(Alfa) to a series of dry 50-ml widemouth bottles. Each 
bottle was half filled, sealed with screw cap and para-
film, and stored in a dessicator until needed. For re-
actions, quantities of methoxide were quickly transferred 
into dry reaction vessels. The amounts transferred were 
determined by weighing the bottle before and after trans-
fer. 
2. Epoxide Deoxygenations 
A. Preparation of Epoxides and Reagents 
Olefins were shown prior to th 0 ir epoxidations to 
be greater than 96% isomerically pure by analytical vpc. 
106 
The relative retention times found on analytical vpc 
columns for each pair of olefin isomers used in the 
stereochemical studies were as follows: trans-2-
butene = 1, cis = 1.1 (vs. hexane= 4.01), on 20ft DBT, 
25°; trans-3-hexene = 1, cis= 1.09 (benzene= 5.4), on 
10 ft DBT, 80°; trans-4-octene = 1, cis = 1.08 (benzene= 
0.85), on 10 ft DBT, 80°; cis-3-methyl-2-pentene (Z 
isomer) = !,trans (E) = 1.16 (hexane = 0.55), on TCP, 
25°; cis-2,5-dimethyl-3-hexene = 1.0, trans = 1.12 
(hexane= 0.40), on TCP, 25°; trans-3,4-dimethyl-3-
hexene = 1, cis= 1.09 (hexane= 0.19), on TCP, 25°. 
~ was obtained from Research Or-
ganic Chemicals Corporation as a mixture of isomers, 
which were separated via preparative vpc (Carbowax 20M, 
The relative retention times were: d,t (14) = 
'J'J',. 
1, meso (~) = 1.3. Each epoxide was shown to be iso-
merically pure (99%) by analyt~cal vpc (S,S, 25°). 
The relative retention times were: trans = 1, cis = 
1.36. 
tion of 1.68g (15 mmol) of trans-4-octene in 50 ml of 
chloroform, cooled to 0°C, was added 3.45 (17 mmol) of 
85% m-chloroperbenzoic acid. The reaction flask was 
fitted with a drying tube and allowed to stir overnight 
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with gradual warming to ambient temperature. After 20 h, 
an aliquot from the reaction mixture was checked by 
analytical vpc (10 ft DBT, 80°) to ensure complete reac-
tion. The heterogeneous mixture was filtered to remove 
rn-chlorobenzoic acid, washed once with 10 % aqueous sodi-
um bicarbonate, water, and saturated sodium chloride 
solution, and dried (Na 2S04 ). The chloroform extract 
was concentrated at atmospheric pressure, and distilled, 
giving 0.8g (42%) of d,£-4,5-epoxyoctane UD, b.p. 69 -
700 (26 torr). This was further purified via prepara-
tive vpc (S, S, 100°): ir (neat) 2960(s), 2870, 1470(s), 
1380, 1120, 1070, 960, 910(s), 880, 740 cm-1; pmr (CDC1 3 ) 
60.97 (t,6, J = 4.5Hz, CH3), 61.2-1.75 (m,8, CH2), 
62.60 (t,2, J = 4.5Hz, epoxide H) . 
rneso-4,5-E was prepared in iden-
tical fashion to the d,£ isomer, and purified via pre-
parative vpc (S,S, 100°): 2960(s), 2870, 1460, 1380, 
1150, 1100, 950, 870, 850, 820, 780 cm- 1 ; pmr (CDC1 3 ) 
60.98 (t,6, J = 5H z , CH 3 ), 61.33 - 1.63 (m,8, CH2l, 
o2.88 (s,Z, epoxide H). 
The rel. retention times on analytical vpc for the 
4,5 - epoxyoctanes: d,£ = 4.84, meso = 5.6 (trans-4-
octene = 1) 10ft DBT, 80°); d,£ = 1, meso= 1.16 
(S,B, 70°). 
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1 hexane 14 1 1 6 was prepared in the same 
manner as the octane isomers~ in dichloromethane. After 
washing, drying (Na 2 S04 ), concentration, the epoxide 
was distilled at 118-120° (1it. 116 117-119°) and puri-
fied via preparative vpc (e,s, 80°): pmr (CDC13) 60 . 8-
1.1 (m,3, CH 3), 61.2-1.6 (m,6, CH 2 ), 62.43 (d of d, 1, 
Jtrans = 2.5Hz, Jcis = S.OHz, internal epoxide H), 62.71 
(t,1, Jcis = 4.5Hz, Jgem = 5.0Hz, terminal cis H), 62.8-
3.0 (m,l, terminal trans H). The re1. retention times 
on the analytical vpc were: 1-hexene = 1, 1,2-epoxy-
hexane= 6.09 (DBT, 80°). 
d,t-3,4-Epoxyhexane (6)11 7 was prepared in the 
same fashion as was 1,2-epoxyhexane, and flash distilled 
at 106-110°, then further purified via preparative vpc 
( 13, 13, 6 0 °) : i r (neat) 2 9 7 0 ( s) , 14 6 0 ( s) , 13 0 0, 12 4 0 , 
10 9 0 , 10 50 , 10 0 0, 9 2 0 , 8 9 0 ( s) , 81 0 , 710 em- 1 ; pm r 6 0 . 9 7 
(t,6, J =7Hz, CH 3), 61.3-1.7 (m,4, CHz), 62.63 (t,Z, 
J = 4.5Hz, epoxide H). 
meso-3,4-E oxyhexane (7) 118 was prepared in the same 
fashion as 1,2-epoxyhexane, and flash distilled at 105-
1100, then further purified via preparative vpc (13,13, 60°) : 
ir (neat) 2980(s), 1510, 1380, 910, 800 cm- 1 ; pmr 
(CDC13) 61.03 (t,6, J =7Hz, CH3), 61.44 (q with fine 
structure, 4, J =7Hz, CH2), 62.8 (m,Z, epoxide H). 
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The rel. retention times on the analytical vpc were: 
d,!-3,4-epoxyhexane = 3.60, meso= 4.53 (trans-3-
hexene = 1) (DBT, 80°); d,t-3,4-epoxyhexane: 1, meso= 
1.31 (B,B, 25°). 
d,!-2,5-Dimethyl-3,4-epoxyhexane (10) was prepared 
in the same fashion as trans-4,5-epoxyoctane, and flash 
distilled at 69-70° (26 torr), then further purified 
via preparative vpc (B,B, 70°): ir (neat) 2980(s), 
2935, 1470(s), 1385, 1365, 1275, 970, 930, 900(s), 850, 
790 cm- 1 ; pmr (CDC1 3 ) 60.92 and 0.96 (pair of unequal d, 
12, J = 6Hz for each, CH 3 ), 61.15-1.7 (m,2, Me2 C~), 
62.48 (d,2, J = 6Hz, epoxide H). 
Anal. Calculated for CaH 160: C, 74.94; H, 12.58. 
Found: C, 74.84; H, 12.35. 
in the same fashion as trans-4,5-epoxyoctane, and flash 
distilled at 65-69° (25 torr), then further purified by 
preparative vpc (B,B, 70°): ir (neat) 2980(s), 2930, 
1475, 1460, 1390, 1365, 1260, 1040, 970, 950, 940, 885, 
800, 775 cm - 1 ; pmr (CDC1 3 ) 61.01 (t,l2, J =6Hz, CH 3 ), 
61.2-1.7 (m,Z, Me 2 C~), 62.62 (d of d,2, J 1 = 7Hz, 
J : = 5Hz, epoxide H). The re1. retention times on the 
analytical vpc (S,S, 25°) were: meso-2,5-dimethyl-3,4-
epoxyhexane = 1, d,t = 1.14; on a different column 
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(10ft DBT, 25°), meso= 4.53, d,i 
dimethyl-3-hexene = 1). 
5.8 (trans-2,5-
Anal. Calculated for CeH 160: C, 74.96; H, 12.58. 
Found: C, 74.74; H, 12.18. 
in the same fashion as 1,2-epoxyhexane, and flash di-
stilled at 95-99° (1itll8 97-99°), and further puri-
fied via preparative vpc (DBT, 60°): ir (neat) 2980(s), 
2960, 2940, 1460, 1380, 1260, 1150, 1100, 1020, 970, 
860(s) cm- 1 ; prnr (CDCl3), 60.8-1.7 (m,ll, CH3 and CH 2 ), 
o2.82 (q,1, J = 5.5Hz, epoxide H). 
in the same fashion as 1,2-epoxyhexane, and further 
purified by preparative vpc (DBT, 60°): ir (neat) 
2980(s), 2960, 2940, 1450, 1370, 1215, 1150, 1120, 1110, 
1070, 1035, 915, 660(s), 755(s), 66 crn-l; pmr (CDC1 3 ), 
60.8-1.8 (m,ll, CH 3 and CH2 ), 62,83 (q,l, J = S.SHz, 
epoxide H). The rel. retention time.s on 'the analytical 
vpc DBT, 80°) were: E-3-methy1-2,3-epoxypentane = 2.88, 
Z-isomer = 2.94 (trans-3-methyl-2-pentene = 1). 
d,£-3,4-Dimethy1-3,4-epoxyhexane (14) 1 19 was pre-
pared on a 500 mg (4 mmol) scale in the same manner as 
fo~ trans-4,5-epoxyoctane, but was not distilled; in-
stead, this compound was isolated directly from the pre-
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parative vpc (~'~' 100°): ir (CDC1 3 ) 2990(s), 2970, 
2940, 1470(s), 1380(s), 1240, 1160, 1110, 1040, 1000, 
970, 860(s) cm- 1 ; pmr (CDC1 3 ) 60.88 (d of d, 6, J 1 
S.SHz, J ~ 4.0Hz, CH CH ), cl.28 (s, epoxide CH 3 ) 
2 2 ~ 
amidst ol.l-1.8 (m, CH 2 ) (total 10H). 
To a mechanically 
stirred solution of 3g {83.7 mmol, 355 mequiv.) of 
sodium borohydride in 75m of ethanol, was added drop-
wise a solution of 35.33g (280 mmol) of 6-methyl~s-
hepten-2-one in ethanol (75 ml), over the course of 30 
min. After an additional 3 h, the reaction was quenched 
with aqueous 4% HCl solution, extracted with ether, 
washed, and dried (Na 2 S04 ). The filtered solution was 
concentrated under reduced pressure, and the residue 
flash distilled to provide 27.9g (97%) of 6-methyl-5-
hepten-2-ol, b.p. 38-40° (0.3 torr), which provided 
pmr and ir spectra identical with that of an authentic 
sample (Chern. Samples Co.). 
5 
via the epoxidation of 6-methyl-5-hepten-2-one (Aldrich) 
using the procedure applied to the 4-octenes. The 
product was obtained in 81% yield, b.p. 50-53° at 0.2 
torr (lit.120 68-70° at 10 torr). The product was 
further purified via preparative vpc (SF-96, 
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150°); ir (neat) 2960(s), 2930(s), 2860, 1715(s), 1460, 
1370, 1250(s), 1140, 1050, 1000, 900, 835; pmr (CDC1 3 ) 
61.15 (s,3, CH 3 ), 61.25 (s,3, CH 3 ) 61.58 (s,3, CH 3 ) 61.6-
2. 1 (m, 4, CH 2 ) , tS 2. 9 (m, 1, epoxide H) . 
of 13g (0.103 mole) of 6-methyl-5-hepten-2-ol Cll} in 
100 ml (1.06 mole) of acetic anhydride was heated to 
reflux in a 250-ml flask equipped with a reflux conden-
ser. After 90 min 100 ml of water was added, and the 
mixture extracted with 100 ml of ether. The ether layer 
was washed with saturated aqueous sodium bicarbonate, 
water, and saturated sodium chloride solution, and dried 
(MgS04). The extract was then concentrated and distilled, 
giving lOg (58 %) of 6-methyl-5-hepten-2-yl acetate (28), 
b.p. 82-85° (1 torr). This was further purified by pre -
parative vpc (Carbowax 20M, 130°): pmr (CDC1 3 ) 61.20 
(d,3, J = 6Hz, R2 CH CH 3 ), ol.5-1.8 (m,8, gem-CH 3 and 
AcO(Me)HC H2 ), 61.8-2.1 (m,S, allylic CH 2 and 0 2CC~3 ) 
64.7-5.3 (m,2, OC~ and vinyl H). 
5,6-Epoxy -6-methylhe ptan - 2 - yl ac e tate (29). A mix-
ture of 3.1g (15.3 mmol) of m-chlorobenzoic acid and 
2.44g (14.6 mmol) of the olefin (28) in 60 ml of chloro-,...,.. 
form in a 100 ml flask with drying tube was allowed to 
stir for five h. The mixture wa s the n filtere d, the 
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filtrate was washed with saturated aqueous sodium bicar-
bonante, water, and saturated sodium chloride solution, 
dried (Na 2S0 4 ), concentrated, and distilled, giving 2.06g 
(84%) of the epoxide (29), b!p. 63-65° (0.2 mm), which 
was further purified via preparative vpc (Carbowax 20M, 
175°); ir (neat) 2970, 1735(s), 1450, 1375, 124S(s), 
1120, 1020, 950, 875 cm- 1 ; pmr (CDC1 3 ), 61.18 (s,3, 
CH 3 ), 61.24 (s,3, CH 3 ), 81.29 (s,3, CH3), 81.4-.18 (m, 
4, CH2), 62.0 (s,3, 02CCH3), 62.9 (t,l~ J = S.SHz, 
epoxide H), 64.7-5.1 Cm~l, OCH). 
A solution of 12g (95 mmol) of 22 in 150 ml (1.64 mo.le) 
of redistilled dihydropyran, with a few crystals of p-
toluenesu1fonic acid as catalyst, was heated to reflux 
in a 250-ml flask fitted with a reflux condenser. After 
3 h, the mixture was taken up in 150 ml of ether, washed 
with saturated aqueous sodium bicarbonate, water, and 
saturated sodium chloride, dried (MgS04 ), concentrated, 
and distilled,affording 15g (79%) of tetrahydropyranyl 
ether 26, b.p. 70-71° (0.2-torr); ir (neat) 29SO(s), 
2900, 1450, 1440, 1380, 1350, 1340, 1320, 1260, 1200, 
1140(s), 1080(s), 1040, 1040(s), 1000, 970, 910, 870, 
820 cm- 1 ; pmr (CDC1 3), ol.0-2.2 (m,19, CH 2 and CH3). 
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High-resolution mass spectrum: Calculated for 
C13H1402, 212.169. Found, 212.71. Base peak at 
m/e = 69. Other peaks at m/e = 170, 139, 128, 110, 
1 0 0 , 9 5 , 8 5 , 6 9 , 57 , and 53 . 
Anal. Calculated: C, 73.54; H, 11.39~ Found: 
C, 73.14; . H, 11.18. 
S,6-Epoxy-6-methy1heptan-2-ol tetrahydropyranyl 
ether Cll) was prepared from ~according to the pro-
cedure described for the epoxidation of trans-4-octene. 
After washing with saturated aqueous sodium bicarbonate, 
water, and saturated sodium chloride solution, drying 
(Na2S04), and concentration, the product was distilled 
to give 5g (77%) of 27, b.p. 77-80° (0.2 torr): ir 
~
(neat) 2940(s), 1375, 1200, 1120, 1075, 1030, 1020, 990, 
965, 870 em- I; pmr (CDCl3) <51.07 (d,3, J = 6H z , CHC!:!_3), 
61.15 (s,3, CH3), 61.22 (s,3, CH3), ol.3-1.8 (m,lO, 
CH 2), <52.5-2.85 (m,l, epoxide H}, 63,3-4.0 (m,3, 
tert-Butyl-(6-methyl-5-hepten-2-yloxy)dimethyl -
silane (24). Following the procedure of Corey, 122 
~ 
13.8g (108 mmol) of 6-methyl-5-hepten-2-ol was added to 
a stirred solution of 22.6g (150 mmol) of tert-butyl-
dimethy1silyl chloride and 19.54g (287 mmol) of imida-
zole in 60 ml of N,N-dime thy lfo r ma mide (previously 
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distilled from BaO) in a 200-ml flask. The biphasic mix-
ture was heated to 43° and allowed to stir for 10 h, 
during which time the reaction mixture attained homo-
geneity. The reaction mixture was then taken up in 150 
ml of ether and washed with 4% aqueous HCl, saturated 
aqueous sodium bicarbonate, water, and saturated sodium 
chloride solution. After drying (Na 2 S0 4 ), the extract 
was concentrated and distilled, giving 24.08g (92%) 
of 24, b.p. 69-70° (0.2 torr); ir (neat) 2960(s), .....,.. 
2910(s), 2850, 1450, 1370, 12SO(s), 1130, 1070, 1030, 
830(s) cm- 1 ; pmr (CDC1 3 ) !50.13 (s,6, SiCH 3 ), o0.98 
(s,9, C(CH 3 ) 3 ), ol.2 (d,3, J =6Hz, CHCH 3 ), 61.4-1.8 
(m,8, CHz and C(CH3)z), ol.BS-2.3 (m,2, allylic CHz), 
o3.87 (q,l, J =6Hz, ROCH), oS.0-5.3 (m,l, vinyl H). 
Anal. Calculated for C14H3oOSi: C, 69.35; H, 12.47 
Found : C , 6 9 . 1 2 ; H , 12 . 0 8 . 
tert-Butyl-(5,6-e oxy-6-methylheptan-2-yloxy)-
dimethylsilane (25). This epoxide was prepared from 
the olefin 24 according to the procedure described for ,...,..,... 
the epoxidation of trans-4-octene. After washing and 
drying (Na 2 S04 ), the product was concentrated, distilled, 
and a yield of 74% of epoxide 24 obtained, b.p. 80-81° .....,._,... 
(0.2 torr), and further purified via preparative vpc 
(QF-1, 150°); ir (neat) 2930(s), 2860, 1450, 1440, 
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1380, 1350, 1260, 1200, 1130(s), 1080(s), 1025(s), 990, 
870, 815 cm- 1 ; pmr (CDC1 3) 60.07 (s,6, SiCH 3), o0.90 
(s,9, C(CH3)3), 61.17 (d,3, J =6Hz, CHC~3), o1.28 (s, 
3, CH 3), 61.5-1.7 (m,4, CH2), 62.6-2.9 (m,l, epoxide 
H), 63.6-4.1 (m,l, ROCR2~). 
Mass Spectrum: parent ion at m/e = 258 barely 
+ 
detectable. Base peak at m/e = 75 (Me 2Si0H). Other 
peaks at m/e = 243 (M-CH3), 201 (M-C(CH3) 3 ), 159, 145, 
115, 109, 73, 59, 43, 28. 
enten-2- trimeth !silane (32 . 
To a stirred solution of 2.70g (30 mmol) of 4-methyl-3-
penten-2-ol (Chemical Samples Company) in 20 ml of THF 
under argon., was added via syringe 2.45g (15 mmol) of 
hexamethyldisi1azane (Silar). The solution was stirred 
overnight at room temperature, then taken up in 100 ml 
of pentane, washed with ice water and saturated sodium 
chloride solution, and dried (Na 2 S04 ). Filtration and 
distillation afforded 4.0g of material, b.p. 50-55° 
(14 torr), containing si1yl ether~ contaminated with 
some ROH. The silyl ether 32 was further purified by ,...,... 
preparative vpc (SF-96, 120°). ir (neat) 2970(s), 
2930, 1450, 1380, 1370, 1260(s), 1250(s), 1150, 1080(s), 
1060, 1000(s), 910(s), 850(s), 760, 750 cm- 1 ; pmr 
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(CDC1 3 ) 60.10 (s,9, SiCH 3 ), ol.l7 (d,3, J =6Hz, 
CHCH 3 ), 61.65 and 61.67 (2,d,6, J = 2.5Hz for each, 
gem-CH 3 ), 64.3-4.8 (m,l, SiOCH), oS.0-5.3 (m,l, vinyl 
H) • 
Mass spectrum: No parent ion. Base peak at 
m/e = 73 (Me
3
Si +). Other peaks at m/e = 129, 117, 75, 
59, 43, 28. 
~~:~£5l!_Y_-_4_-~~yJ-2-penta:_t~_(_3].1123 To a me-
chanically stirred suspension of 20.02g (141 mmol) of 
anhydrous sodium hydrogen phosphate (Na 2 HP04 ) and 26.lg 
(129 mmol) of technical (85%) m-chloroperbenzoic acid 
in 150 ml of chloroform at 0° (ice bath cooling) was 
added dropwise a solution of 13.0g (130 mmol) of 4-
methyl-3-penten-2-ol in 100 ml of chloroform. Addi-
tion was complete after 30 min. ' After an addition four 
h of stirring at 0°, the filtered solution was washed 
with saturated sodium bicarbonate solution, then water 
and saturated sodium chloride solution, and dried (Na 2 
S04 ). The filtered solution was distilled giving 9.26g 
(62%) of 3,4-epoxy-4-methyl-2-pentanol (31), b.p. 30-31° ,...,., 
(1 torr). This was further purified by preparative vpc 
(SF-96, 120°): ir: 4320 (s, broad), 2970(s), 2930, 
1460, 1430, 1380(s), 1250, 1165, 1120, 107S(s), 1035, 
945, 900, 875, 815 cm- 1 ; pmr (CDC1 3 ) 61.18 (s,1.5~ one 
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component of a doublet corresponding to CHC~3 , with 
J =6Hz; remaining portion is lost under following peaks), 
61.29 and 61.32 (twos, 7.5, second peak from CHC~3 and 
gem-CH3), 62.71 (d,l, J =8Hz, epoxide H), 63.05 (s,l, 
OH), 63.42-3.88 (d of q,l, J 1 = 6.5Hz, J 2 =8Hz, OCH). 
The signal assigned to OH disappeared upon shaking the 
sample with D2 0. 
(3,4-Epoxy-4-methy1pent-2-yloxy)trimethylsilane (33) ,...,... 
was prepared via the silylation of 3,4-epoxy-4-methyl-
pentan-2-ol (31) with hexamethyldisilazane in a procedure 
~ 
similar to the one described above. The product was ob-
tained as a water-white liquid, b.p. 40-45° (25-27 torr), 
further purified via preparative vpc (SF-96, 100°). ir: 
2970(s), 2920, 1450, 1430, 1380, 1250(s), 1165, lllO(s), 
1090(s), 1050, 1000, 980, 920, 890, 850(s), 760, 700 
crn- 1 ; prnr (CDC1 3 ) 60.12 (s ,9, SiCH3), 61.18 (d,3, J = 
6Hz, CHCH 3 ), 61.26 and 61.28 (twos, 6, gern-CH3), 62.71 
(d,l, J = 7.5Hz, epoxide H), 63.4-3.75 (d of q;l, 
J1 = 7 .5Hz, J 2 = 6Hz, OCH). 
High-resolution mass spectrum: Calculated for 
C7H1402Si, 158.113 
Other peaks at m/e 
ion found. 
Found, 158.112 (for M-CiHs). 
173, 75, 67, 45, 41, 28. No parent 
119 
2-Methyl-3-penten-2-ol (34) 124 was prepared by three 
different methods: 
1. Acid-catalyzed isomeri z ation of 4-methyl-3-
penten-2-ol: The treatment of 4-methyl - 3-penten-2-ol 
(llg, 110 mmol) with 180 ml of a 2N sulfuric acid solu-
tion (with shaking over a five min period), affords, as 
previous ly reported,l 2 4 an equ i librium mixture of 4-
methyl-3-penten-2-ol and 2-methy l-3-penten-2-ol (in 
ratio 1:36 by vpc analysis on 10ft DBT at 80°). A 
significant amount of diene products was also obtained. 
The isomeric alcohols were not easily separable except 
via preparative vpc. Relative retention times: 2-methy1-
3- penten-3-ol = 1,4-methyl-3-penten-201 = 1.63 (10 ft 
DBT, 8 0 °). 
2 . Catay ltic semihydrogenation 125 of 2-methy1-3-
pentyn-3-ol (38): One pellet of solid 85% potassium 
hydroxide (weighing < O.lg) was powdered via mortar and 
pestle . This was combined with O.lg of 5% palladium on 
charcoal catalyst with lOg (102 mmol) of 2-methyl-3-
pentyn-2 - ol (Chemical Samples Company) in 150 ml heptane 
(ethanol would have been preferable) in a one - liter 
Ehrlenmeyer flask with male ground-glass joint, and side-
arm funnel with stopcock. A magnetic stirbar was added, 
the flask connected to an atmospheric hydrogenation ap -
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paratus, and the atmosphere replaced by hydrogen. Stir-
ring was begun, and hydrogen uptake monitored. After 
the first hour, hydrogen absorption continued at a steady 
rate of about 200 ml per hour for nine more h, after 
which time the rate decreased abruptly by a factor of 
ten. The r e action was then terminated, after 11 h and 
2.03Sliters of hydrogen absorbed. Since the vapor pres-
sure of heptane is 45.9 torr at 300°K, 1 26 the theoretical 
volume of hydrogen required is given by: 2.45 1/mole· 
(1 - 45.9/760) · 0.11 mole = 2.35 liters of hydrogen, or 
1 . 1 times the observed uptake. 
The product mixture was filtered via suction and 
subject to vpc analysis, which revealed Z-2-methyl-3-
penten- 2-ol, E-2-rnethyl-3-penten-2-ol, and 2-methyl-3-
pentyn-2-ol present in ratio 92.5:7:0.5. (The latter 
two peaks were assigned by coinjection.) Relative re~ 
tention time s : E-2-methyl-3-penten-2-ol = 1, Z- 2 -
me thyl-3-penten-2-ol = l.llg, 2-methyl-3-pentyn- 2-ol = 
1.29 (10 ft DBT, 80°). Separ a tion of the allylic alco-
hol from excess heptane could not be profitably ac-
complished, either via fraction distillation, or using 
the method of Sharpless.l 2 7 
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3. Methyllithium reaction with methyl crotonate: 
Into a dry, argon-filled three-neck 500-ml flask equipped 
with overhead stirrer was placed 300 ml (0.57 mole) of 
a solution of methyllithium in diethylether. The flask 
was cooled to 0° with an ice bath. With stirring a solu-
tion of methyl crotonate (21.2 rnl, 0.2 mole) in diethyl 
ether (50 ml) was added dropwise via addition funnel 
over the period of one h. Stirring was continued for 
another two h, with gradual warming to room temperature. 
Half of the reaction mixture was then transferred to an-
other flask, cooled to 0°, and quenched via dropwise 
addition of saturated sodium bicarbonate solution. The 
biphasic mixture was separated, the aqueous layer re-
extracted with 200 ml diethyl ether, and the combined 
ether layers washed with water and saturated sodium 
chloride solution, and dried (Na 2 S04 ). The solution was 
then filtered and distilled, resulting in 6.3g (56 mmol , 
28%) of E-2-methyl-3-penten-2-ol, b:p. 52-53°/33 torr. 
This compound was further purified via preparative vpc 
(S,B, 80°), ir (neat) 3360 (broad), 3030, 2980(s), 
2930, 1450, 1380, 1365, llSO(s), 995, 970(s), 900, 795, 
770 crn- 1 ; pmr (CDC1 3 ) 61.28 (s,6, gem-CH 3 ), 61 . 63-1 . 71 
(m,3, al1ylic C~3), 61.87 (s,l, OH), 65.5-5.8 (m,l, 
vinyl H). The proton assigned to OH was exchangeable 
with D20. 
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The second portion of the reaction mixture above 
was subjected to an attempted silylation with chloro-
trimethylsilane. This was unsuccessful, for a trace of 
hydrochloric acid (present in chlorotrimethylsilane, 
even after distillation from calcium hydride) catalyzed 
extensive dehydration of the tertiary, allylic alcohol. 
The diene fraction was distilled from the reaction 
mixture (b.p. 75-77°) and from the pmr spectrum, a mix-
ture of the two expected dehydration products, 2-methyl-
1,3-pentadiene and 4-methyl-1,3- pentadiene, was revealed 
in 3:1 ratio. pmr (CDC1 3 ) ol.S-1.7 (m,6, allylic CH 3 ), 
o4.6 (s,l.S, vinyl CH2 of 2-methyl-1,3-pentadiene), o4.8 
( s ,O.S, vinyl CH2 of 4-methyl-1,3-pentadiene), oS.l-
6.6 (m,2, vinyl H). 
(2-Methyl-3-penten-2-yloxy)trimethylsilane (36) .,........ 
could not be prepared via the silylation of 2-methyl-3-
penten-2-ol with chlorotrimethylsilane or N,O-bis(tri-
methyl si lyl)acetamide . The method finally utilized was 
the treatment of 3g (30 mmol) of the alcohol with 12.5 
ml (60 mmol) of hexamethyldisilazane, in diethyl ether 
at room temperaturefor 24 h. The resulting mixture of 
silyl ether 36 and parent alcohol 34 was distilled with-
,...,... """" 
out workup at 115-118°, and further purified via pre-
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parative vpc (DC-550, 100°). (The si1yl ether was not 
stable on Carbowax 20M or S,B-oxypropriondinitrile 
columns~) ir (neat) 2960(s), 1380~ 1365, 1255(s), 
1180(s), 935(s), 890, 845(s); pmr (CDC1 3 ) 60.17 (s,9, 
SiCH3), 61.34 (s,6, gem-CH3), 61.72 (m,3, allylic CH3), 
65.4-5.7 (m,2, vinyl H). 
All of the above compounds could be separated by 
analytical vpc (10 ft DBT, 80°). Relative retention 
times: {benzene= 1); Z-2-methyl-3-penten-2-ol = 1.55; 
E-2-methyl-3-penten-2-ol ~ 1.4; its silyl ether (E-2-
methyl-3-penten-2-yloxy)trimethylsilane = 2.6; 4-rnethyl-
3-penten-2-ol = 2.4; its silyl ether (4-methyl-3-
penten-2-yloxy)-trimethylsilane = 2.3; 3,4-epoxy-4-
methylpentane-2-ol = 5.0, its silyl ether (3,4-epoxy-
4-methylpent-2-yloxy)trimethylsilane = 5.4. 
Reaction of (3,4-epoxy-4-methylpent-2-yloxy)-tri-
methylsilane (33) with trimethylsilylpotassium. 
1. In situ generation with potassium hydride/ 
crown ether. Approximately one gram of potassium hydride 
(Alfa, 22% oil dispersion) in a dry, tared 25 ml rb 
flask with serum-capped sidearm and argon atmosphere 
was washed repeatedly with pentane (introduced and re-
moved via syringe) to remove oil. After residual pen-
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tane had been removed via evaporation at reduced pres-
sure, the flask and contents were again weighed to de-
termine the amount of potassium hydride present (0.2g, 
500 mmol). This was suspended in a solution of 100 mg 
of benzene and about 10 mg of 18-crown-6 ether in 20 ml 
of THF, with magnetic stirring. 186 mg (1.6 mmol) of 
3,4-epoxy-4-methyl-2-pentanol (31) was added dropwise 
~ 
via syringe to the reaction mixture resulting in hydro-
gen evolution and a color change to yellow. Stirring 
was continued for five min after gas evolution has 
ceased, prior to the addition of hexamethyldisilane 
(381 mg, 2.6 mmol) via syringe. The flask was fitted 
with a condenser, and the mixture allowed to reflux for 
48 h. Aliquots were periodically withdrawn, quenched, 
and a pentane extract subject to vpc analysis. The 
analysis of the final aliquot, with retention times, 
assignments, and approximate area ratios (automatic inte-
gration gave unreliable results due to extensive tailing 
of the solvent peak) are given below~ (retention times 
relative to benzene= 1): 1.4 (E-2-methyl-3-penten-2-
ol, area= 1); 1.6 (Z-2-methyl-3-penten-2-ol, area 
5); 1.8 (unknown area= 0.5); 1.9 (unknown, area= 0.5); 
2.2 (4-methyl-3-penten-2-yloxytrimethylsilane, area= 
8); 2.6 (2-methyl-3-penten-2-yloxytrimethylsilane, 
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area= 1); 3.0 (unknown, area= 2); 5.0 (3,4-epoxy-4-
methylpentan-2-ol, area= 30); 5.5 (3,4-epoxy-4-methyl-
pent-2-yloxytrimethylsilane, area= 32). 
2. In situ generation with potassium hydride in 
HMPT. Potassium hydride (17.3g of 22% oil suspension, 
86.5 mmol) was placed in a dry 300-ml flask with argon 
atmosphere and serum-capped sidearm, and washed repeat-
edly via syringe with 100-ml portions of pentane to re-
move oil. Residual pentane was removed with aspirator 
vacuum. With magnetic stirring, the cleaned potassium 
hydride was resuspended under argon in 75 ml of HMPT. 
The dropwise syringe addition of 3,4-epoxy-4-methylpen-
tan-2-ol (4.26g, 36.7 mmol) followed, resulting in 
foaming, hydrogen evolution, and a color change of the 
reaction mixture to yellow. Five min after the cessa-
tion of gas evolution, 9.7g (66.3 mmol) of hexamethyl-
disilane was added via syringe. An immediate color 
change to dark orange (indicative of the formation of 
silyl anion) and slight gas evolution followed. After 
an additional five min, the stirred mixture was heated 
rapidly to 65°, with rapid gas evolution occurring. 
The mixture was stirred for 48 hat 65-70°, with 
periodic aliquots withdrawn, quenched, and subject to 
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vpc analysis (10 ft DBT, 80°). The final trace, with 
assignments: (retention times relative to benzene= 1): 
1.1 (unknown, 33%); 1.2 (unknown, 14%); 1.4 (E-2-methyl-
3-penten-2-o1, < 1%); 1.6 (Z-2- methyl-3-penten-2-ol, 
8.5%); 1.7 (unknown, 4%); 2.4 (4-methy1-3- penten-2-
y1oxytrimethylsilane, 4%); 3.2 (unknown, 18%); 3.8 (un-
known, 4%); 5.0 (3,4-epoxy-4-methy1-2-pentanol, 3%); 
5.5 (3,4-epoxy-4-methylpent-2-yloxytrimethylsilane, 12%). 
S nthesis of hexameth ldisilane. The following 
procedure is a modification of Gilman's.l 2 8 Lithium 
wire (14.8g, 2.1 mole) was cut into pieces about 1-2 em 
in length, and cleaned by successive immersion in 
hexane, absolute methanol, and dry THF. Immediately 
after the final ·tinse, each piece was place in a 1- ! 
three -neck flask with wire stirre r, overhead high-speed 
(5000 rpm max) stirring motor, and argon atmosphere. 
When the lithium addition was complete, 200 ml of THF 
was added, slow stirring begun, and 150 ml (1.18 mole) 
of chlorotrimethyl s ilane was added slowly via syringe. 
After addition was complete~ h1gh-speed stirring was 
initiated. The mixture was s tirred at room temperature 
und er argon for 65 h. The reaction could be followed 
by vpc by quenc hing an aliquot~with water , thus hy-
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drolyzing any silyl chloride remaining to hexamethyl-
disiloxane. The reaction mixture was then filtered thru 
Celite in a medium sintered-glas~ funnel and distilled 
at atmospheric pressure. After a low-boiling forerun, 
50g of hexamethyldisilane was obtained, b.p. 112-114°, 
99.9 % pure by vpc. Redistillation of the forerun pro-
vided lSg of hexamethyldisilane (total yield, 74%). 
ir (CHC1 3 ) 2970(s), 2900, 1255(s), 840, 830 cm-1; pmr 
(CDCl3) c0.067 (s,4.0Hz downfield of tetramethylsilane). 
The anhydrous workup above minimizes hydrolysis of 
chlorotrimethylsilane (b.p. 57°) to hexamethyldisiloxane 
(b.p. 100°), which is more difficult to separate from 
hexamethy1disilane. This separation can be effected by 
shaking the mixture with cone. H2 S04 , which removes the 
disi1oxane. However, the yield of disilane suffers 
from such treatment. 
The rel. retention times of these compounds on the 
analytical vpc (SE-30, 110°): hexamethyldisiloxane = 1, 
hexarnethyldisilane = 1.35. 
Using the method of Hyde,l 2 9 about 100 rnl of ammonia was 
condensed in a 300-ml 3-neck flask containing a gas in-
let, overhead mechanical stirrer, and dry ice/isopropanol 
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condenser with drying tube attached, held in a dry ice 
bath. With stirring, a few crystals of Fe(N0) 3 ·9H 2 0 
were introduced into the liquid ammonia. Potassium 
(6.4g 164 mmol) was then added to the mixture in chunks, 
with stirring. Stirring was continued with dry ice 
cooling for 30 min after all of the potassium had reacted, 
as evidenced by the disappearance of the deep blue color 
associated with potassium dissolved in liquid ammonia. 
Stirring was halted, and the ammonia allowed to evaporate 
in a stream of argon over the course of two h. The con-
denser then was replaced with a 125 ml addition funnel, 
which was charged with a solution of 26.24g (161.6 mmol) 
of hexamethyldisiloxane in 25 ml of ether. The solid po-
tassium amide was resuspended in 100 ml of ether, and 
the contents of the addition funnel added dropwise, 
with stirring. Stirring continued for two h. The pale 
gray supernatant was then decanted from the flask, sue-
tion filtered through a medium grain sintered-glass 
funnel, then subjected to vacuum (26 torr, then 0.1 
torr) to remove volatile compounds. The potassium tri-
methylsilanolate (17) about 15g, or 74% based on hexa-
'""" 
methyldisiloxane) residue, a fine white powder, was 
used as such in subsequent reactions without further 
purification. 
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Synthesis of 1,2-bis(2-chloroethoxy)ethane.l30 
A mixture of 268 ml (2 moles) of triethylene glycol 
(dried over calcium chloride) and 350 ml (4.3 mole) of 
pyridine (distilled from potassium hydroxide) was dis-
solved in 200 ml of dichloromethane in a2-£ three-neck 
flask equipped with overhead mechanical stirrer, 500 
ml addition funnel, and reflux condenser with drying 
tube. As this stirred solution was heated to reflux, 
a solution of 300 ml (4.1 moles) of thionyi chloride in 
200 ml of dichloromethane were added dropwise from the 
addition funnel. Addition was complete after one h, 
but stirring and refluxing continued for a total of 
five h. The reaction was then quenched with 500 ml of 
water. The organic portion was washed with 4% aqueous 
HCl, saturated sodium bicarbonate solution, water, and 
saturated sodium chloride solution and dried (MgS0 4 ). 
The solution was filtered, concentrated, and distilled 
to give about 200 ml of the dichloride, with no hydroxyl 
impurity; ir (neat) 2940, 2860, 1425, 1355, 1300, 
1250, 1200, 1125(s), lllO(s), 1050, 915, 745, 665 cm-1; 
pmr (CDC1 3 ) o3.67 (s amid m). 
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Synthesis of 18-crown-6-ether. 13 ° Following the 
method of Cram et.a1., 1 30 a solution of 109g (1.94 moles) 
of potassium hydroxide (reagent, 85%) in 80 ml of water 
was carefully added to a mechanically stirred solution 
of 112 . 5g (100 ml, 0.749 mole) of triethylene glycol in 
600 ml of THF in a 3-£ three-neck flask. Themixture was 
stirred for 15 min prior to the introduction of a solu-
tion of 14 0g (0.748 mole) of 1,2-bis(Z-chloroethoxy ) 
ethane in 100 ml of THF via addition funnel. After this 
very rapid addition was completed, the mixture was 
heated to gentle r e flux via heating mantle and allowed 
to stir for 18 h. The mixture was then transferred to 
a 2-t flask, and the solvent removed under reduced pres-
sure. The resulting thick slurry was taken up in 500 ml 
of dichloromethane, then filtered through a Buchner 
funnel with suction. The filtrate was dried (MgS04 ), 
filtered, a nd concentrated. The product was 
distilled at 116-118° (0.15 torr). About 45g (39 %) 
of 18-cro~~-6-ether wa s thus obtained. This was puri-
fied b y the addition of 125 ml of acetonitrile, fol -
lowed by heating to reflux, then gradual cooling to 
room temperature. Futher cooling to -78° afforded 
white crystals, which were filtered through alumina 
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(Woelm activity 1) to give pure 18-crown-6 ether. Crown 
ether which was not purified in this manner was not ef-
fective in catalyzing the potassium methoxide cleavage 
of hexamethy1disilane. ir (neat) 2990, 2870(s), 1465, 
1450, 1350, 1290, 1220,1130(s), 980, 940, 850 pmr: 
c5 3 • 6 7 ( s , CH 2 ) • 
B. Epoxide Deoxygenations (General Procedures) 
(i) THF/crown ether stoichiometric: To a stirred 
suspension of 273 mg (1.0 mmol) of 18-crown-6 ether and 
158 mg (2.2 mmol) of potassium methoxide (9) in 10 ml 
"' 
THF was added a solution of 144 mg (1.1 mmol) of meso-
4,5-epoxyoctane and 104 mg (1.3 mmol) of benzene as in-
ternal standard in 5 ml HMPT. To this was added 400 
mg (2.7 mmol) of hexamethyldisilane via syringe, causing 
an immediate color change to gold. The reaction was 
allowed to stir at 25°C. After 75 min, saturated sodium 
chloride was added to the reaction mixture, the organic 
layer was separated and dried (MgS04 ). Analytical vpc 
analysis (10 ft DBT, 80°) indicated no epoxide and 91.7 % 
yield of trans-4-octene (99% isomerically pure). 
A l.Sg sample (10 mmol) of 1,2-epoxyhexane, sub-
jected to the above conditions, gave after aqueous work-
up and distillation, a 75% yield of 1-hexene, which 
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after purification via preparative vpc (10ft DBT, 70°), 
gave 1-hexene which had pmr and ir spectra identical 
reagent (Aldrich) 1-hexene. 
(ii) catalytic: To a stirred suspension of less 
than 10 mg each of potassium methoxide (0.14 mmol) and 
18-crown-6 ether (0.03 mmol), and 142g (1.1 mmol) of 
d,~-4,5-epoxyoctane (8), in 10 ml of THF at 25°C, was 
added 248 mg (1.7 mmol) of hexamethyldisilane in 10 m1 
THF. The reaction mixture was heated to reflux, and 
the rubber septum used for syringe entry was sealed 
off from the refluxing solvent by closing a Teflon stop-
cock in the sidearm of the reaction vessel. 
The reaction was allowed to reflux for 24 h, quenched 
with saturated sodium chloride solution and taken up in 
100 m1 of pentane. This was washed with water and 
saturated sodium chloride solution. The internal standard 
(benzene, 155mg) was then added, and the final yield of 
87% of cis-4-octene (> 99% isomerically pure) was deter-
mined by analytical vpc (10ft DBT, 80°). 
(iii) HMPT: To 14 mg (0.2 mmol) of potassium 
methoxide in 10 ml of HMPT at 65° was added 154 mg (1.2 
mmol) of (8) followed by 270 mg (1.8 mmol) of hexamethyl-,..,... 
disilane in 5 ml of HMPT. After stirring for 3 h, the 
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reaction was quenched with saturated sodium chloride 
solution, and extracted with pentane. The pentane layers 
were combined, and dried (Na 2 S0 4 ). After addition of 
benzene internal standard, a 96% yield of cis-4-octene 
(> 99%. isomerically pure), was determined by analytical 
\~C (10ft DBT, 80°). 
The above procedure could also be carried out at 
room temperature with one full equivalent of potassium 
methoxide. The above reaction was run in this fashion 
on a larger scale (20 mmol), and the product cis-4-
octene isolated and shown to be identical with reagent 
cis-4-octene. 
Relative FID Res onse Factors. The detector re-
sponse factor of each olefin was correlated to that of 
either benzene or hexane, which were the two compounds 
used as internal standards for vpc analysis during the 
epoxide deoxygenation reactions. Assignments of flame 
ionization detector response (FID) factors of: 
benzene = 1.12, and hexane = 1.03, were made in con-
formity with literature values relative toheptane}31 
Butenes were not measured, due to their volatility. 
4-octenes = 1.01, 3-hexenes = 1.00, 1-hexene = 1.02 
(relative to benzene= 1.12) (10 ft DBT, 80° for 
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octenes, at ambient temperature for hexenes). 3-methyl-
2-pentenes = 0.88, 2,5-diisopropyl-3-hexenes = 1.05 (vs. 
hexane= 1.03) (TCP, 25°). The trisubstituted olefins 
are broadened under these conditions (best for their 
separation and analysis), hence tend to detect low. 
C. Controls and Modifications 
(i) Potassiumtrimeth lsilanolate 0.37 
-~mqll was reacted with 87 mg (0.68 mmol) of meso-4,5-
epoxyoctane (9) and 176 mg (1.2 mmol) of hexamethyldi-
silane under the conditions of Procedure B(ii). A 78.8% 
yield of trans-4-octene, > 99% isomerically pure, as de-
termined by analytical vpc (10 ft DBT, 80°), was ob-
tained. 
Other Controls: 2,5 - dimethyl-cis-3-hexene was 
' 
subjected to the conditions of procedure B(iii), at 65° 
for 3 h. About 3% isomeriiation to the trans olefin 
was found by vpc. The epoxides were shown to be stable 
to methoxide under the reaction conditions in the ab-
sence of hexamethyldisilane. Various solvents other 
than HMPT were tried and found ineffective in promoting 
the methoxide cleavage of hexamethyldisilane (including 
THF in the absence of crown ether), as assayed by the 
deoxygenation of d,t-4,5-epoxyoctane (8). Conversely, 
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18-crown-ether was effective in other solvents (eg 
ether and benzene at reflux). Even HMPT (one equiva-
lent) catalyzed the reaction, albeit slowly, in reflux-
ing benzene. (The reaction with d,t-4,5-epoxyoctane 
(8) had a half life of about 24 h.) 
---
During the course of several experiments, gas evolu~ 
tion was noted immediately after hexamethyldisilane and 
potassium methoxide (one equivalent) came into contact. 
In an experiment designed to investigate the products of 
this reaction, 15.9 mmo1 of potassium methoxide and 16.8 
mmo1 of hexamethyldisilane were combined in 60 ml of 
HMPT at 65°, and the evolved gases trapped at 77°K. Mass 
spectral analysis of the gases revealed the following 
major peaks (with assignments): m/e 146 (Me 3SiSiMe 3+'), 
131 (MesSiSiMe 2 ), 89 (Me 2 Si0Me), 73 (Me 3Si), and 59 
(Me 2 SiH). This is consistent with trimethylsilane as 
the evolved gas, with some methoxytrimethylsilane (the 
expected byproduct) and hexamethyldisilane carried 
along. 
Cyclooctyltrimethylsilane. Tn a stirred suspen-
sion of 1.40866g (20.08 mmol) of potassium methoxide 
in 40 m1 of HMPT under argon was added all at once via 
syringe a solution· of 1.7008g (13.26 mmol) cis-1,2-
epoxycyclooctane (Aldrich) and 5.0 ml (25 mmol) of hexa-
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methyldis ilane in 10 ml HMPT. An immediate color change 
to red occurred, indicative of the presence of trimethyl-
silylpotassium. The mixture was heated to 70°, and 
stirred for 14 h. The reaction was then quenched with 
water, and the organic products extracted with two 150 
ml portions of an 80:20 (by volume) solution of pentane 
and ether. The combined organic layers were washed with 
saturated ammonium chloride solution, water and saturated 
sodium chloride solution, and dried (Na 2 S04 ). 
The filtered solution was subjected to distilla-
tion at one atmosphere to remove the solvent, and the 
pot residue (2.0g) shown by vpc to contain almost ex-
clusively two components in about equal amounts, with 
relative retention times 1.0:1.5 (SF-96, 170°). The 
two peaks were isolated by preparative vpc on this 
column. Ths compound of shorter retention time was 
found to be the starting material, cis-1,2-epoxycyclo-
octane, as its ir spectrum and (when coinjected with 
authentic sample) vpc retention time were identical 
with that of a known sample. The second compound was 
identified as cyclooctyltrimethylsilane on the basis 
of the following spectral characteristics : ir (CHC1 3 ) 
2920(s), 2850, 1460, 1440, 1260, 1250(s), 1160, 970 
830(s); pmr (CDC1 3 ) oO.lO (s,9, SiCH 3 ), oO.Z6 (m,l, 
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High-resolution mass spectrum: Calculated m/e = 
184.165 Found 184.169 for molecular ion. Base peak 
at m/e = 110 (loss of Me 3 SiH). Other peaks at m/e = 
169 (loss of methyl), 147, 82, 73, 59, 45, and 28. 
Preparation of 1-hydroxycyclohexyl trimethyl-
silane (39). 132 Following the procedure of StilJ,l9 
a solution of trimethylsilyllithium was prepared from 
the addition of 62 mmol of an ethereal methyllithium 
solution to 15 ml (75 mrnol) of hexamethyldisilane in 
30 ml of HMPT at 0°, in a 25-ml flask under argon. 
After 15 min, this solution was added slowly via syringe 
to a stirred solution, previously cooled to -78°, of 
4.04g (48 mmol) of cyclohexanone in 55 ml of ether in 
a 200 ml flask with sidearm and argon atmosphere. The 
red color of trimethylsilyllithium was discharged upon 
addition. After stirring for two hat -78°, the solu-
tion was quenched with water, and the organic layer 
washed twice more with water, then saturated sodium 
chloride solution, dried (Na 2 S04 ), and concentrated. 
The residue thus obtained (5.6g, 79%) proved to be 
nearly pure l-hydroxycyclohexyltrimethylsi1ane (39) . 
............... 
A sample was purified via preparative vpc (SF-96, 120°). 
ir (neat) 3350 (broad), 2940(s), 1500, 1300~ 1245(s), 
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1205, 990, 900, 830(s), 745, 720, 690 cm-1; pmr 
(CDC1 3 ) 60.12 (s,9, SiCH3); ol.S-2.0 (m,ll, CH 2 and OH). 
Pre-aration of cyclohexen-1-yltrimeth lsilane(40)l33 
~~~~~~~~~~~--~~~~~~~--~~~~~~ 
In a 50-ml flask, 3.5g (20.3 mmol) of the a-silyl alco-
hol (39), without vpc or other purification, was dis-
~ 
solved in dry pyridine (20 ml) and cooled with an ice 
bath to 0°. Thionyl chloride (2.0 ml, 27 mmol) was 
added, slowly, to avoid a violent exotherm. The nearly 
colorles s solution turned red. The mixture was stirred 
at 0° for 30 minutes; the cooling bath removed and 
stirring continued two h longer. The reaction was then 
quenched by the addition of water, and taken up in 
100 ml of ether. The aqueous layer was ree xtracted 
with 100 ml of ether, and the cn~bined organic layers 
were washed with 4 % aqueous hydrochloric ac i d, water 
and sa~urated sodium chloride and dried (MgS0 4 ). The 
filtered solution was concentrated and distilled at 
reduced pres sure to y i e ld 1.9g (61 %) of cyclohexen-1-
yltrimethylsilane (40), b.p. 70 =7 2° ( 25- 26 torr). pmr 
~ 
(CDC1 3 ) 60.04 (s,9, SiCH3); 61.15-1.75 (m,4, remote 
CH 2 ); ol.S-2.15 (m,4, allylic CH2 ); o5.85-6.1 (m,l, 
vinyl CH) . 
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Pre aration of 
silane (41). 134 In analogy to the method of Hudr1ik,l34 
~ ,..,... 
a suspension of 0.392g (1.9 mmol) of m-chloroperbenzoic 
acid (tech, 85%) in 15 m1 of dich1oromethane was added 
dropwise a solution of 0.290g (1.88 mmol) of 40 in 10 .,.,.... 
ml of dichloromethane. The mixture was stirred at room 
temperature for three h, then filtered, washed with 
saturated sodium bicarbonate solution, water, and so-
dium chloride and dried (Na 2 S0 4). The filtered solu-
tion was distilled at one atmosphere then at reduced 
pressure to yield 0.27lg (84%) of the epoxide 41, b.p. _...,... 
66-69°/20 torr (lit. 134 106-107°/57 torr); pmr (CDC1 3 ) 
cSO . lO (s,9H, SiCH 3 ); cS1.2-1.6 (m,4H, remote CH 2 ); 61.8-
Z.l (m,4, near CH 2 ), 63.1 (d of d,lH, J 1 = 3Hz, J 2 = 
2Hz, epoxide H). 
Reaction of tri-
meth lsilyl ani6ns. a) 2-Chlorocyclohexanone (4.04g, 
30.5 mmol) was combined with hexamethy1disilane (6.09g, 
41.6 mmol) and potassium methoxide (3.06g, 43.6 mmol) 
in 100 ml of HMPT under argon. The mixture was stirred 
for three h, then quenched with cold saturated ammonium 
chloride solution and taken up in a solution of ether 
and pentane (SO%). The organic extract was washed with 
water and saturated sodium chloride solution and dried 
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(Na2 S04 ). 
This was filtered and concentrated under pressure. 
Vpc analysis SF-95, 120°) of the residue revealed at 
least five products in comparable amounts. The ir 
spectrum of the mixture showed a hydroxyl group absorb-
ing at 3500-3350 cm~ 1 , and at least three carbonyl 
stretching frequencies at 1755, 1730, and 1715 cm- 1 , 
with a shoulder at 1705 cm- 1 • Small amounts of three 
of the compounds were separated via preparative vpc 
(SF-96, 140°). One was shown to be the starting ma-
terial, 2-chlorocyclohexanone. The second had pmr; 
60.17 (s,9H); 80.9-1.5 (m,2H); cl.7-2.1 (m,ZH); 82.63 
(d,2H, J =3Hz); 82.78 (d,2H, J; 3H); 82.7 (broad,s; 
2H). Another compound had pmr: o-0.18 (s,9H), 
6 ~1.3-1.8 (m,4+H), 63.54 (apparent d), 64.39 (s,ZH). 
Trirnethylsilyllithium in THF gave similar product 
mix tures. 
b) Ethyl 2-bromoproprionate (3.0g, 16.6 mmol) was 
dissolved in 100 ml of THF under argon, and cooled to 
-78°. To this stirred solution was added a solution 
of trirnethylsilyllithium prepared by adding 24 mmol of 
methyllithium solution to 5 ml (25 mmol) of hexamethyl-
disilane in 25 ml of HMPT at 0°. The mixture was stir-
red for two hat -78°, then warmed to room temperature, 
and worked up as in the above reaction. A pmr spectrum 
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of the crude product (Z.Sg) was indicative of the pres-
ence of both silylated and reduced product (about 1:3): 
50.07 (s,4H 3 SiCH 3 ); ol.l6 (d, J = 4.5Hz); and ol.24 
(t, J = 7.5Hz), total lOH, o2.7-3.0 (m,ZH) o4,16 (q,4H~ 
J =7Hz). Attempts to flash distill and vpc purify this 
material (SF-96, 150°) yielded only ethyl prop: ·ionate. 
3. Nucleophilic Aromatic Silylation 
Halides 
~
i) HMPT/CH 3 0M (M = Na,K): To 1.9lg (0.027 mmol) 
of potassium methoxide suspended in SO ml HMPT at 25° 
was added 3.12g (0.018 mmol) of p-bromotoluene followed 
by 4.38g (0.029 mmol) of hexarnethyldisilane. The yellow 
reaction mixture was allowed to stir for 6 h. Aqueous 
5% ammonium chloride solution was added to the reaction 
mixture, and this was extracted twice with 75 ml por-
tions of pentane. The combined pentane layers were 
dried (Na 2 S04 ). Distillation provided 2.46g (82% iso-
lated yield) of p-tolytrimethylsilane (43)~35 99.6% 
~ 
pure by analytical vpc (SE-30, 110°). b.p. 95-96°/30 
torr (lit.l36 192°/748); ir (neat) 2975(s), 1600, 1500, 
1440, 1400, 1390, 1310, 1250(s), llOO(s) and 840(s) cm- 1 ; 
pmr (CDC1 3) o0.25 (s,9,SiCH3), o2.34 (s,3, ArCH 3), 
o7.17 (d,2, J =9Hz, aromatic H), o7.47 (d,Z, J =9Hz, 
aromatic H). 
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o-Chlorotoluene (18.2 mmol, 2.3g) by this method 
(in thi s case, the react{on was conducted at 65°) gave 
69% of o-to1yltrimethylsilane (1_.~),13 5 b.p. ·'99-101°/ 
30 torr, (lit. 13 6 196°/748 mm); ir (neat) 2080(s), 
1590, 1445, 1280, 125D(s), 1130, 1080, 830(s) cm- 1 ; 
pmr (CDC1 3 ) cS0.28 (s,9, SiCH3); o2.45 (s,3,ArCH3); 
67.0-7.6 (m,4, aromatic H). 
m-Tolytrimethylsi1ane (44) was obtained both by 
/'A. 
the above procedure, and th e following method : To a 
suspension of 0.86g (12 mmol) of potassium methoxide 
and 0 . 168g (mmol) of 18-crown-6-ether in 50 ml of THF 
in a 100-m1 flask, under argon was added 1.44g (8.4 
mmol)of 3-bromotoluene, followed by 1.87g (12.8 mmol) 
of hexamethyldisilane. The reaction was allowed to 
stir for 24 h at room temperature. The reaction was 
then quenched with saturated aqueous sodium bicarbonate, 
extracted with 2 75-ml portions of pentane, washed with 
water and saturate d sodium chloride solution, and 
dired (Na2 S04 ). The extract was then concentrated and 
distilled, giving 0.63g (45 %) of ~,1 35 b.p. 40-42°/ 
torr (lit.l36 188°/748 torr) ; ir (neat) 2950(s), 1590, 
1570, 1400, 1250(s), 1115, 870(s), 830(s) cm-1; 
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pmr (CDC1 3 ) 60.25 (s,9, SiCH 3), 62.33 (s,3, ArCH3), 
67.1-7.4 (m,4, aromatic H). 
The isomeric tolylsilanes were separable via 
analytical vpc (UCON, 110°). Rel. retention times were: 
~ l, 12 = 1.07 and~= 1.37. 
ii) HMPT/CH 3Li: To a stirred solution of 6.777g 
(46.3 mmol) of hexamethyldisilane in 100 ml HMPT near 
0° was added 44.2 mmol of methyllithiurn solution in 
ether.l 9 A dark red solution formed, with some gas ev 
evolution. Stirred at 0° for 20 min, then added rapidly 
a solution of 2.617g (17.8 rnmol) of p-dichlorobenzene 
in 12 ml of HMPT. The mixture turned dark brown. Stir-
red overnight with gradual warming to 25°. The mixture 
was then quenched with water and extracted with two 100 
ml portions of pentane. The combined pentane extracts 
were dried (Na 2 S04 ). After filtration and concentration 
spontaneous crystals appeared which were recrystallized 
from benzene/ligroin, yielding 950 rng (24%) of 1,4-bis-
(trimethylsilyl)benzene (49), m.p. 92-93° (1it.l37 95°); 
"-" 
ir (CHC1 3 ): 2960(s), 1400, 1380, 1265, 12SO(s), 113S(s), 
980, 830(s); pmr: (CDC1 3 ) 60.25 (s,l8, SiCH3), o7.67 
(s,t, aromatic H). 
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iii) CH 30K/18-crown-6: To a suspension of 0.25218g 
(3.6 mmol) of potassium methoxide and a trace (ca 10 mg) 
of 18~crown-6 ether in 10 ml THF was added a solution 
of 0.21050g (1.8 mmol) of o-bromotoluene and 0.512g 
(3.5 mmol) of hexamethyldisilane and 0 . 19830g of decane 
as internal standard in 10 ml of THF. The reaction mix-
ture was heated to reflux and held at that temperature 
for 6 h. When the product ratios stabilized, a 0.5 ml 
portion of the reaction mixture was removed via syringe, 
quenched in 0.5 ml H20/0.5 ml pentane mixture, the en-
tire sample mixed, and a l.O~t aliquot from the organic 
layer analyzed affording 53.7% of o-tolyltrimethyl-
silane (45), 4% of o-bromotoluene (starting material), 
and 42 % of toluene, by vpc analysis (UCON, 110°) . 
B. Procedure for vpc analyses. 
Despite repeated attempts, the results of most runs 
of the crown ether + KOCH3 silylations were much less 
satisfactory than the example above, for many did not a 
approach completion; significant (often 50-80 %) amounts 
of starting material remained unreacted. Hence, sub-
sequent runs for vpc analysis were carried out in HMPT 
solution, as described in procedure A(i) or (ii), 
using 1-2 mmol substrate f or each experiment. Removal 
and workup o f aliquots was performed a s des c ribed in 
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procedure A(iii). 
The products of silylation of each halides were 
analyzed via vpc (UCON, 110°) to evaluate the regie-
specificity of the reaction. Peak assignments were 
made on the basis of coinjection with authentic silane, 
prepared as described above. For yield determinations, 
it was sometime more convenient to utilize SE-30 at 
110°. Yields were determined with respect to decane, 
added (usually after completion and workup) to the 
reaction. Response factor corrections were critical, 
as silanes are not detected efficiently byflame ioniza-
tion detectors. These factors were measured by analysis 
of standard samples of tolylsilanes and decane, and 
were averaged over several measurements. Factors de-













These are weight correction factors. Thus, under 
these analytical conditions (UCON, 110°), 1 gram of 
p-tolyltrimethylsilane produces a peak of area equal to 
that caused by 757 mg of decane. 
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C. Competition Experiments 
i) Intermolecular competition experiments were 
carried out following procedure A(iii), with 2 rnmol of 
f 
chlorobenzerte or iodobenzene, 2 mmol of bromobenzene, 1 
mmol each of hexamethyldisilane and potassium methoxide, 
a catalytic amount of 18-crown-6 ether, and a weighed 
amount of n-octane as internal standard. The relative 
rates of reaction of the halobenzenes were determined 
by analytical vpc (SE-30 at 110°). 
ii) Intramolecular competition experiments con-
sisted of subjecting the p-dihalobenzenes XC 6 H4 Y to 
procedure A(i) with insufficient (0.7 equiv.) methoxide 
and hexamethyldisilane. Products and relative yields 
were shown by vpc analysis (SE-30, 110°) with respect 
to decalin as internal standard. Assignments were made 
on thebasis of isolation (preparative vpc, SF-96) at 
140° of individual peaks, and characterization by ir and 
mass spectra. 
Major peaks observed in the mass spectra (with 
relative intensities): for p-chlorophenyltrimethyl-
silane, at m/e 186 (0.05), 1.84 (0.126), 171 (0.315), 
169 (1), 141 (0.018), 139 (0.025), 91 (0.061), 73 
(0.028), and 28 (0.075); for p-bromotrimethy1si1ane, 
at m/e 230 (0.15), 228 (0.15), 91 (0.0070), a~d 73 
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(0.006); for p-iodotrimethylsilane, at m/e 276 (0.227), 
161 (1), 134 (0.075), 119 (0.064) and 73 (0.052). 
The molecular ion is apparent in all three halophenyl-
silanes, as is Me 3 Si+. The major peak is due to loss of 
methyl from the molecular ion, with minor peaks from 
subsequent methyl detachment. Si+ and C7 H7 + are also 
seen. Interestingly, the loss of halogen is not an 
observed process except in the iodide where I removed 
from the M-15 ion (with peaks due to subsequent frag-
mentation). 
D. Deuterium Labelling Experiments 
i) Deuterium oxide quenching. The silylation re-
action described in procedure A(i) was performed on 
iodobenzene.llS 
Five min after initiation the reaction was quenched 
with D2 0. (Longer times afforded less deuterium incor-
poration.) After drying and filtration, the volatile 
components which distilled over at 75-90° were collected 
and the benzene therein isolated via preparative vpc 
(SE-30, 60°), and subjected to mass spectra analysis. 
The following peaks were found: m/e 78 (1), 79 (0.45), 
and 80 (0.03). Since theM+ 1 peak in ·benzene was 
found to be 6.58% relative to the parent (m/e 78), it 
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is enriched by a factor of 6.8, or (45.6-6.58)= 38.4%of 
the parent, due to deuterium incorporation. The actual 
percentage of overall deuterium incorporation is found 
by dividing this excess by the total aromatic species 
present. Thus, the actual percentage deuterium incor-
poration due to D2 0 quench is 0.384/1.384 ~ 28 %. A 
check exists, in that 6.58% of this should be present 
at M + 2. Calculated 0.0658 x 0.384 = 0.025, found 
0.03 for m/e - 80. As a control, the same reaction was 
run on 1-iodonaphthalene with phenyltrimethylsilane added 
just prior to quenching. After workup, vpc analysis of 
the organic extracts revealed less than 0.04% of the 
phenyltrimethylsilane had been hydrolyzed to benzene. 
ii) Perdeuteriomethoxide trapping. After pre-
liminary experiments with methanol-h4 , the following ex-
periment was carried out. A suspension of 6.5g of a 
potassium hydride (Alfa, 22.5%) oil dispersion (36 mmol) 
in 70 ml HMPT was s tirred for 5 min, followed by the 
careful dropwise addition of 10.606g d4-methanol 
(99%, Aldrich). Stirring continued for 2 h to ensure 
hydrogen evolution had ceas ed. Then, 4.08g (20 mmol) 
of iodobenzene were added, followed five min later by 
6 ml (30 mmol) hexamethyldisilane. This mixture was 
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stirred for 2 h prior to workup as in procedure A(i). 
The dried organic solution was filtered and distilled 
at one atmosphere . Again, the fraction with b.p. within 
5 degrees of 80° was collected, and benzene recovered 
via preparative vpc as above, and analyzed via its mass 
spectrum. Peaks were found at m/e 80 (0.112), 79 (1), 
and 78 (0.592). By the derivation of procedure (1), 
the peak at M + 1 is too intense by a factor of 23.3 
over natural abundance, resulting in a value of 62% 
overall deuterium incorporation from deuterio; methoxide. 
E. Intramolecular Cyclization Reactions 
o-Chloropropylbenzene (53). Following the method 
of Gilman,l38 lOg (0.417 mole) of magnesium shavings 
were placed under argon in a 1-£ three-neck flask 
equipped with 500-ml addition funnel, overhead mechani-
cal stirrer, and reflux condenser. A solution of 53.7g 
(0.33 mole) of o-chlorobenzyl chloride in 300 ml of 
ether was placed in the addition funnel. A 25-ml por-
tion of this solution was added to the reaction flask, 
followed :~by a few crystals of iodine. Initial reaction 
was observed within minutes. The remainder of the 
organic solution was then added slowly, with stitring. 
When addition was complete, the dark brown reaction mix-
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ture was allowed to stir for 30 min at room temperature, 
then 30 min at reflux. A solution of 85 ml (0.65 mole) 
of diethyl sulfate in 100 ml of ether was then added 
dropwise to the mixture, over the course of 1 h. The 
reaction mixture was then poured over 500 ml of ice 
mixed with 50 ml of concentrated HCl. The ether layer 
was separated, the aqueous layer extracted with 200 ml 
of ether, and the combined layers concentrated. The 
residue was allowed to reflux with a solution of 20g 
(0.5 mole) of sodium hydroxide in 100 ml of water and 
100 ml of ethanol, to decompose excess diethyl sulfate. 
The mixture was separated, the aqueous layer extracted 
with 100 ml of ether, and the combined organic layers 
was hed with 4% aqueous HCl, saturated aqueous sodium 
bicarbonate, water, and saturated sodium chloride, and 
dried (MgSO~). Concentration and distillation gave 
31.23g (60.5%) of~. b.p. 105-106°/28 torr (lit.l3B 
n-72°/8.5 torr); ir (neat) 3040, 2960(s), 2920, 2860 , 
1570, 1470(s), 1440(s), 1380, 1070, 1050, 1025, 
750(s), 680 cm- 1 ; pmr (CDC1 3 ) 60.95 (t,3, J =7Hz, 
CH 3), 61.3-2.0 (m,2, MeC~2 CH2 ), 62.65 (d of d, 2, 
J1 =7Hz, J2 =9Hz, ArCH2 ), 67.74 (m,4, aromatic H). 
Nucelophilic si1ylation of o-(propylphenyl)-
trimethylsilane (53). Potassium methoxide (2.04g, 
~
29 mmol) and hexamethyldisilane (4.25g, 29 mmol) were 
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combined with 3.lg (19.7 mmol) of 53 in 40 ml of HMPT 
~
under argon, and allowed to stir at 65° for 24 h. The 
reaction mixture was quenched with water and extracted 
with 100 ml of pentane. The pentane layer was washed 
with water and saturated sodium chloride solution, 
dried (MgS04 ), concentrated, and flash distilled at 
106-110° (0.6 torr). About 3g of product were obtained, 
which could be separated by prepartive vpc (SF-96, 
160°) into three components with rel. retention times 
1, 2.4, and 4.8. These were isolated and shown to be, 
respectively, n-propyl benzene (reduced product), 53 
~
(starting material), and~ (silylated product). The 
first two were identified by comparison of spectra and 
vpc ret. times (upon coinjection) with those of 
authentic samples. Compound~ exhibited the following 
spectra data: ir (CC1 3 ) 3050, 29SS(s), 2870, 1590, 
1465, 1435, 1380, 1265(s), 1250(s), 1130, 1090, 840(s), 
685 cm- 1 ; pmr (CDC1 3 ) oO.ll (s,9, SiCH 3 ), o0.95 (t,3, 
J = 6.5Hz, CH 3 ) ~1.30-2 (m,2, CH 2 CH2 Me), 62.60 (d of d, 
2, J =8Hz, J 2 =6Hz, ArC~! 2 ), 67.2 (m,4, aromatic H). 
Anal. Calculated for C1 2H20 Si; C, 74.92; H, 10.48, 
Found, C, 74.52; H, 10.43. 
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o-Iodophenyl allyl ether (55). Using the method ,.,... 
of preparation of Beckwith, 74 b a mixture of 4.4g (20 
mmol) of o-iodophenol, 2 ml (23 mmol) of 3-bromopro-
pene, and 3.13g (22.6 mmol) of anhydrous potassium 
bicarbonate in 100 ml of acetone was allowed to reflux 
for 10 h, then combined with 100 ml of ether and washed 
with 10% aqueous potassium hydroxide, water, and satu-
rated sodium chloride solution. The extract was 
dried (MgS04), concentrated, and distilled to give 
3.686g (70.6%) of allyl o-iodophenyl ether,74b b.p. 
75°/18 torr; ir (neat) 2920, 2970, 1590, 1475(s), 1440, 
1295, 1280(s), 125S(s), 1235, 1055, 1020(s), 1000, 930, 
755(s) cm- 1 ; pmr (CDC1 3 ) o4.50 (d of d,Z, J =5Hz, 
J2 -1Hz, OCH2), oS.l-5.5 (m,2, vinyl CH2), o5.75-6.17 
(m,l, vinyl CH), o6.5-6.8 (m,2, aromatic H), o7.03-7.28 
(m,l, aromatic H), 67.6-7.73 (m,1, aromatic H). 
Nucleophilic silylation of 55. Silylation of 55 .,...,...,... ,..,..,.... 
(2.21g, 8.5 mmol) with hexamethyldisilane (14 mmo1) 
and potassium methoxide (1.1g, 16 mmo1) was carried 
out in the manner described for the preparation of 54. ,_ 
The product mixture contained three products as 
determined by analytical vpc (10 ft x 0 . .125 in tris-cyano-
D 
etnoxypropane, 170 ), with rel. retention times 6.8:1:3. 
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2,3-dihydrobenzofuran (59) (independently prepared by 
the method of Beckwith74 ), and o-allyloxyphenyltri-
methylsilane (57), in 1:6:1 ratio. Compound 57 was iso-
~ 
lated (SF-96, 200°) as a water-wh~te liquid: ir (neat) 
2980(s), 2900, 1580(s), 1460, 1440(s), 1420, 1280, 1270, 
1220(s), 1130, 1080, 1020, 990(s), 840(s) cm- 1 ; 
pmr (C 6 D6 ) o0.57 (s,9, SiCh 3 ), o4.25 (d of d,2 J 1 =5Hz, 
J 2 = 1Hz, OCH2 ), oS.0-5.5 (m,2, vinyl CH 2 ), o5.7-6.2 
(m,l, vinyl CH), o6.7 (d,l, J =8Hz, aromatic H), 
o6.9-7.6 (m,3, aromatic H). 
High resolution mass spectrum: parent ion, calcu-
lated for CsH1aOSi, m/e = 20.6166 Found 206.113. Base 
peak = M-15. Other peaks at m/e = 175, 163, 151, 149, 
135, 91, 75, 73, and 28. 
In an attempt to make an authentic sample of o-
allyloxyphenyltrimethylsilane, a solution of l.Og 
(6 mmol) of o-chlorophen0 allylether (prepared from a-
chlorophenol and allyl bromide by the procedure de-
scribed for the synthesis of 55) 13 9 in SO ml of THF 
~ 
under argon was treated with 148 mg (21 mmol) of lithium 
wire and 1.5 ml (12 mmol) of chlorotrimethylsilane over-
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night at room temperature. The reaction was then 
filtered, washed quickly with water and saturated sodium 
chloride solution and dried (Na 2 S0 4 ). The filtered 
solution was stripped of solvent, and the crude product, 
still containing a sizeable amount of unreacted starting 
halide, was purified via preparative vpc SF-95, 140°). 
(Rel. retention times: o-ch1orophenyl allyl ether (57 = 
1, the product- 1.7). Spectral characteristics of the 
product were consistent with a cyclized isomer of the 
expected compound o-al1yloxyphenyltrimethylsilane, 
probably 2,3-dihydro-3-methylbenzofuran: ir (CHC13) 
2950(s), 2880(s), 1610, 1600(s), 1485(s), 1460(s), 
1400, 1320, 12SO(s), 1150, 1100, 1040, 1015, 970(s), 
8SO(s) crn- 1 ; pmr (CDC1 3); o0.25 (s,9, SiCH3); ol.l -
1.4 (m,2, CH2 ); 63.4-3.8 (m,l, CH); 64.15 (t, 1, J = 
7Hz, OCH); c4.80 (t, 1, J=7Hz, OCH3), 66.8-7.4 (m,4, 
aromatic H). 
High - resolution mass spectrum: Calculated 
C9H1aOSi = 206.113, Found 206.110 . The base peak 
was at m/e = 118. Other peaks appeared at m/e = 191, 
175, 163, 151, 149, 91, 73, 59 and 44. 
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Attempted Silylation of 3-(o-chlorophenyl)-2-
methylpropene. A sample of this compound (o-methallyl-
chlorobenzene, courtesy of Gil Johnson and Dr. R. G. 
Bergman) appeared only 80% pure by vpc analysis (UCON, 
133°), but little contamination could be detected in 
its pmr spectrum in CDC1 3 : 61.07 (d,3, J =1Hz, CH 3 ) , 
63.47 (s,2, PhCH 2 ), 64.6-4.7 (m,l, vinyl H), 64.8-4.9 
(m,l, vinyl H), 67.1-7.5 (m,4, aromatic H). A solu-
tion of this compound (2.S6g, 15.3 mmol) and hexamethyl-
disilane (3.36g, 23 mmol) in 5 ml of HMPT was added 
rapidly to a stirred suspension under argon of 1.86g 
(26.5 mmol) of potassium methoxide in SO ml of HMPT. 
The visual phenomena associated with this reaction were 
unusual - an exotherm with rapid gas evolution, and a 
series of color changes, beginning with deep red, to 
yellow, then tan, ending in wine red. The mixture 
was stirred at ambient temperature for 2 h, then quenched 
(with discharge of color) with water, ~ and taken up in 
100 ml of a pentane/ether solution (80:20). The 
organic layer was washed with 4% aqueous HCl, then 
water, then saturated sodium chloride solution, and 
dried (Na 2 S0 4 ). The solvent was removed from the 
filtered solution, and the residue (1.6g) shown to be 
the knownl40 compound 1-phenyl-2-methylpropene (85 % 
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of product, by vpc on UCON at 133°), with distinctive 
pmr in CDC1 3 : 81.74 (d,3, J =1Hz, trans-CHa), ol.92 
(d,3, J = l.SHz, cis-CH 3 ), 66.25-6.4 (m,l, vinyl H); 
c7.1-7.5 (m,S, aromatic H). 
F. Controls and Limitations 
Treatment of p-iodotoluene with an equivalent of 
potassium methoxide in HMPT, in the absence of hexamethyl-
dis ilane at 65° for 2 h resulted in less than 2% reduc-
tion. The reduction product is therefore not the prod-
uct of direct reaction between methoxide and the aryl 
iodide, as discussed in the text. No products of 
methoxide substitution (anisole and methylanisoles) were 
ever detected via vpc in any of the methoxide-catalyzed 
reactions. 
Several modifications of the silylation procedures 
were attempted, mostly without success. THF, diethyl 
ether, or 1,2-dimethoxyethane, with or without TMEDA 
(1,2-bis(dimethylamino)-ethane), failed to effect the 
methox ide cleavage of hexamethyldisilane, as assayed 
by aryl halide silylation. 
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G. Synthesis of Heteroaromatic Silanes 
4- ridyltrirneth lsilane ~141 A solution of 
trimethylsilyllithium was prepared by the addition of 
25 ml of 2.0M methyllithium solution in ether via sy-
ringe to a stirred solution of 10 ml (50 mmol) cl 
hexamethyldisilane in SO ml of HMPT, cooled to 0°, in 
a 250 ml flask under argon. After 20 min, a mixture of 
2.119g (14 mmol) of 4-chloropyridine hydrochloride in 
10 ml of HMPT was added cautiously, since an exothermic 
reaction ensued: The reaction was allowed to stir for 
3 h, then quenched in water and taken up in two 100-ml 
portions of a pentane:ether solution (20:80), washed 
again with water, then saturated sodium chloride solu-
tion. After drying (Na2S04 ) and concentration, the 
product was distilled to give 0.92g (43%) of~, b.p. 
85°/28 torr (lit.1 4 1 107°/48 torr), ir (neat) 2950(s), 
2890, 1565, 1400, 1250(s), 1125, lOSO(s), 900, 840(s), 
750 cm- 1 ; pmr (CDC1 3 ) o0.30 (s,9, SiCH3); o7.2-7.5 
(rn,2, aromatic H); o8.5-8.7 (m,Z, aromatic H a toN). 
No pyridine was detectable by analytical vpc (SF-96, 
100°). 
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3-Pyridyltrimethylsilane (47) .141 A solution of 
trimethylsilyllithium was prepared in a manner identi-
cal to that described for the synthesis of ~- To 
this solution (theoretically 50 mmol) at 0° under argon 
was added slowly via syringe3.0 ml (26.8 mmol) of 3-
chloropyridine. The mixture was allowed to stir for 
3 h at room temperature, then extracted in two 100-ml 
portions of a pentane:ether solution (20:80), the 
combined organic layers washed with water and saturated 
sodium chloride solution, and dried (Na2 SO~). Concen-
tration and distillation gave 1.2g (30%) of 47, b.p. 
~ 
90-92°/28 torr (lit. 1 ~ 1 94°/30 torr); ir (neat), 
29SO(s), 1585, 1400, 12SO(s), 1125, 1050, 840(s), 800 
750 cm- 1 ; pmr (CDCl3) 60.4 (s,9, SiCH 3); 67.3-7.5 
(m,2, aromatic H), 68.5-8.7 (m,2, aromatic H). 
The remainder of the product was nonvolatile tar. 
Pyridine was not observed in the product mixture 
after workup via analytical vpc (SF-96, 100°). 
2-Pyridyltrimethylsilane (46).1 4 1 
~~~~~~~~~~~~~~~ 
To a stirred 
suspension of 1.56g (22 mmol) of potassium methoxide 
in 80 ml of HMPT under argon in a 200 ml flask was 
added via syringe a solution of 2.lg (13 mmol) of 
hexamethyldisilane in 20 ml of HMPT. The reaction 
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mixture was allowed to stir for 4 h, then taken up in 
100 ml of an ether/pentane (SO%) mixture, . quenched 
with cold saturated aqueous sodium bicarbonate, then 
wahed with saturated sodium chloride solution, and 
dried (Na 2 S04 ). Concentration of 1 atmosphere and dis-
tillation gave 1.63g (80%) of 46, b.p. 79~80°/25 torr 
(1it.l 44 69°/14.5 torr); it (neat) 2950( ~ ), 1575, 1555, 
14,50, 1415, 1250(s), 1135, 1140, 985, 840(s), 750, 
735 cm- 1 ; pmr (CDC1 3 ) o0.28 (s,9, SiCH3 ); 66.9-7.2 (m, 
1, aromatic H), 67.3-7.6 (m,2, aTomatic H), 68.6-8.8 
(m,l, aromatice H a to N). No pyridine could be de-
tected via analytical vpc (SF-96, 100°). Re1. reten-
tion times under these conditions: pentane = 1, 
pyridine = 3.33. 
Attempted silylation of 2-chlorothio hene: To 
a stirred solution of 5 m1 (25 mmol) of hexamethyl-
disilane in 20 ml of HMPT at 0° under argon, was added 
slowly 12 ml of 2.20M ethereal solution of methy11ithum. 
After 20 min, 1.8 ml (19.5 mmol) of 2-chlorothiophene 
was added a via syringe. The mixture was allowed to 
stir for 3 h, then quenched with water and extracted 
with two 50 ml portions of ether containing 20% of 
pentane. The combined organic layers were washed with 
saturated sodium bicarbona te solution and dried (Na2 S04) . 
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The extract, upon vpc analysis (SE-30, 110°) revealed 
thiophene as the sole volatile product. The product 
was concentrated and distilled; thiophene (O.Sg) was 
recovered, but none of the expected product of silyla-
tion 2-thienyltrimethylsilane142 could be found in the 
distillate by pmr. 




(72; To a stirred solution of 1.5 ml (7.5 mmol) of 
~ 
hexamethyldisilane in 5 ml of HMPT at 0° was added via 
syringe 3 ml of a 2M solution of methyllithium in ether 
(Et 2o). Fifteen min after addition was complete, the 
orange-red solution of trimethylsilyllithium in HMPT/ 
Et 2o was added via double-ended needle to a second 
flask which held a suspension of 0.985g (4.5 mmol) of 
hexacarbonylchromium in 100 ml of THF, previously cooled 
to - 78°. After addition was complete, this cherry-red 
solution was stirred for one h at -78° then concentrated 
under reduced pressure c~ 0.5 torr) to remove solvent. 
Argon gas was admitted to the evacuated reaction flask 
and the mixture was taken up in SO ml dichloromethane, 
and cooled to -50° (dry ice/diethylmalonate bath). To 
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this was added 1.0 ml (12.4 mmol) of methyl fluorosul-
fonate by syringe. After 1 hat -50°, the reaction 
mixture was concentrated under vacuum. Argon gas was 
then admitted and the reaction mixture was chromato-
graphed on Silica Gel 60, under argon, in a jacekted 
40 em x 4 em column cooled to 10° ± 2, with diethyl 
ether as eluent. A broad yellow band, rf ~ 0.5, was 
collected, the solvent removed, and the resultant oil 
(ca 500 mg, 34% theoretical) identified as Me 3 Si(OCH3 )C 
Cr(C0) 5 on the basis of the following spectra data 
(CD 3 COCD 3 ): pmr (CD 3 CO) 60.15, s, with peaks at 61.9 
and o3.8 due to THF. ir (carbonyl region 2010 cm-l 
(sharp), 1980, 1940 (vs) C nmr: -2.6 ppm (CH 3 -Si), 
70.0 (CH3-0), 219.5 (CO-cis), 223.5 (CO-trans), and 
425 (C=Cr). 
The same was invariably contaminated with some THF. 
Trimeth ltinmethoxycarbene entacarbon !chromium 
(73a): To a stirred solution of 3.4432g (10.5 mmol) of 
~
hexamethylditin in 15 ml of THF at -20° (dry ice/ 
carbon tetrachloride bath) was added yellow solution of 
trimethyltinlithium, after 15 min stirring, was added 
via syringe to a stirred suspension of hexacarbonyl-
chromium in 100 ml THF at -78°. The mixture was 
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allowed to stir for 1 hat -78°. The solution was then 
decanted from a small amount of residue (presumably 
hexacarbonylchromium), transferred to another round-
bottom flask, and concentrated under reduced pressure. 
Argon was admitted to the flask, and SO ml of dichloro-
methane added. After cooling to -50°, 1 ml (12.4 mmol) 
of methyl fluorosulfonate was added via syringe. The 
mixture was stirred at -50° for 1 h, then subjected to 
vacuum rotary evaporation. Argon atmosphere was 
admitted, the mixture was taken up in the desired sol-
vent (acetone-d6 for spectra), and filtered through 
glass wool prior to use. 
The complex evidence the following spectra char-
acteristics: pmr, 60.13 (s,9, SnMe 3) and o3.83 (s, 4+, 
OCH 3 ) again, THF pres ent in small amount. ir 2005 
(sharp), 1940 and 1890 cm- 1 1 3c nmr, -6.4 ppm 
(CI)3Sn), , 69.2 (OCH 3 ) 222.2 (CO-cis), 227.1 (CO-trans), 
and 310 {C=Cr) . 
obtained in similar fashion from hexacarbonyl tungsten, 
and identified on the basis of the following spectra 
data: pmr, o0.15(s) plus mat ol.9 and o3.8 due to THF. 
ir, 2010 (sharp), 1910, 1890 {vs) cm- 1 13c nmr, -6.0 
(CH3Sn), 6.72 (CH 30), 2.2 (CO-cis), 216 (CO-trans) and 
334 ppm (C=W). An extraneous peak at 294.8 ppm i s as-
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signed to the acyl anion complex. 
B. Attem ted Generation of Tungsten Carbene Com-
from Tun sten Pentacarbon 1 Dianions_102 
a) ~- A mixture of ll.Zg (32 mmol) 
of hexacarbonyltungsten and 1.55g (67 mmol) of sodium 
metal was suspended in HMPT (50 ml) in a 200-ml rb flask 
with gas inlet and sidearm possessing a stopcock and 
second hose adapter. The mixture was magnetically 
stirred with a glass-coated stirbar, and evacuated via 
the sidearm. Gas evolution was noted. The mixture 
was stirred overnight at room temperature at a pressure 
diminishing to 0.1· torr. 
After this period, the solution, now homogeneous 
and dark orange in appearance, had ceased evolution of 
gas (presumably CO) . Argon at one atmosphere pressure 
was admitted to the flask. A serum cap replaced the 
hose connection on the sidearm, and 3 ml (34 mmol) of 
reagent grade n-butanal was added via syringe. Stir-
ring was continued at room temperature under argon for 
four h. Chlorotrimethylsilane (4.0 ml, 32 mmol) was 
then added slowly via syringe. An immediate exotherm 
occurred. The mixture was 'stirred for eight h under 
argon, then analyzed via vpc (10 ft DBT, 80°) 
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for products. Butanal was the only product found. No 
4-octenes or higher olefins were apparent. 
b) With formaldeh de - Hexacarbonyltungsten 
(7.08g, 20 mrnol) was suspended in 40 ml HMPT in a 200 
ml rb flask with sidearm. Potassium metal (1.4g, 35 
mmol) was added, and the flask evacuated to 1 torr. 
Gas evolution was noted. The mixture was magnetically 
stirred at room temperature for 14 h . The reaction mix-
ture has ceased gas evolution and become a homogeneous 
orange solution. This flask, still evacuated, was 
then connected via double-ended needle to another 200-
ml flask containing 0.68225g (44 mmol) of paraformal-
dehyde under argon. The paraformaldehyde was heated 
with a hot-air gun to generate gaseous formaldehyde 
which was allowed to bubble through the reaction mix-
ture. A solid film formed on portions of the surface 
of HMPT. When no more gaseous formaldehyde was evolved, 
argon was admitted to the reaction vessel to one at-
mosphere pressure. After stirring for one h, the 
reaction mixture was treated with chlorotrimethyl-
silane (2.5 ml, 20 mmol), added via syringe. An im-
mediate exotherm occurred, with a solid precipitate 
formed. A 2 ml aliquot of the atmosphere above the re-
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action mixture was removed via gas syringe and sub-
jected to analytical vpc on a 10' x 1/8" Porapak N 
column. No ethylene or other ~olatile olefin was de-
tected. 
C. Attempted Generation and Tra of 65: 
a) with fluoride ion. Immediately after the 
preparation of a solution of trimethyltinmethoxycarbene-
pentacarbonylchromium (from 8 mmol of precursor) in 
50 ml of dichloromethane, 20 ml of this solution was 
removed and placed in an argon-filled 50-ml round-
bottom flask. The dichloromethane was removed via high 
vacuum, argon readmitted, and the residue redissolved 
in 30 ml of THF. To this was added 0.67208g (3.8 
mmol) of diphenylacetylene and O.Sg (1.9 mmol) of an-
hydrous tetrabutylammonium fluoride (prepared by the 
neutralization of tetrabutylammonium hydroxide with 5% 
aqueous hydrofluoric acid, removal of water under 
vacuum, and drying in a drying pistol under .. high vacuum, 
at 100°). The resulting mixture (very nearly homogene-
ous) was stirred under argon for 24 h. At intermediate 
intervals, aliquots were removed and examined via pmr. 
The expected multiplet at ~7.2-7.6 due to diphenyl-
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acetylene was observed, as well as upfield peaks due 
to other reactants. No peaks were obs e rved downfield 
of o7.6. The reported 9 9 chemical shifts of o7.74 and 
o8.32 for the cyclopropenylidene complex (67b ) were .not 
observed. 
b) via heat. A second 20 rnl aliquot of the same 
dichloromethane solution of (C0) 5 CrC(OMe)SnM~ 3 was 
placed in a 100 ml flask, the solvent removed, and the 
residue resuspended with 0.72929g (4.1 mmol) of di-
phenylacetylene in benzene (50 ml) under argon. The 
mixture ~as heated at reflux overnight, incurring a 
color change from maize to dark navy. The colored 
material was a precipitate which coated the sides of 
the flask; a filtered aliquot was clear and colorless. 
The solvent was removed from this aliquot, and the 
white residue shown via pmr to consist solely of di-
ph enylacetylene. 
However, when the (C0) 5WC(OMe)SnMe 3 (~ was heated 
in the presence of diphenylacetylene to 100° in decalin, 
the pmr revealed new peaks near dipheny lacetylene: 66.36 
(s, ~3H), o7~67 (m, centered, ~sH), o8.1 (s, ~2H). Di-
phenylacetylene was present in far greater amount 
C~lOOH) . The two peaks downfield correspond roughly 
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to the expected chemical shifts for the cyclopropenyli-
dene carbene complex sought; however, the area ratios 
are inconsistent with this assignment. The major por-
tion of the carbene complex, as usual upon heating 
above 80°, was converted to a deep blue solid precipi-
tate which has not been characterized. 
These methods were also used in the attempted 
generation of 65 from (C0) 5 Cr(OMe)SiMe 3 . (Methoxide 
~
initiaion was also examined.) In these reactions, the 
silyl complex was collected directly off the chromate-
graphy column into a 500-ml argon-filled flask contain-
ing excess amounts of diphenylacetylene and fluoride 
(or methoxide) initiator. The resulting ether sus-
pension was stirred for 24 h, or until the silyl car-
bene complex had decomposed, as evidenced by loss of 
yellow color and precipitation of the green decomposi-
tion product. At intervals during the process, aliquots 
were removed from the solution, the solvent removed, and 
the residue dissolved in deuterochloforom for pmr analy -
sis. No peaks downfield of diphenylacetylene were ever 
found in these reactions. 
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c) Reaction with butyllithium. An estimated 2.0 
mmol of (C0) 5Cr(OMe)SnMe 3 , free from solvent, was re-
dissolved with 0.4g (2.2 mol) of diphenylacetylene in 
THF (20 ml) under argon in a 50 ml flask. This solu -
tion, with stirring, was cooled to -78°, and 1 ml of a 
2.0M solution of n-butyllithium in ether was added 
via syringe. After 1 h, the mixture was warmed to 
room temperature, and a portion removed. Subsequent 
evaporation of volatiles in vacuo, uptake of the residue 
in deuterochloroform, and pmr analysis of the filtered 
solution revealed mostly diphenylacetylene. In addi-
tion, a singlet at o0.11 (SnCH 3 ) and two multiplets 
at o0.9-1.2 and o1.4-1.6 (possibly from ann-butyl 
residue) were present in small concentration. No peaks 
corresponding to olefinic protons were found, nor were 
any peaks found downfield of diphenylacetylene. 
An identical sample of the carbene complex was 
treated with butyllithium as above, in the absence of 
diphenylacetylene. After solvent was removed, a pale 
yellow oil was produced. The infrared spectrum of 
this oil contained distinct absorbances at 3010, 2940, 
1970, 1605(s), 1495(s), 1440(s), 1070, 1030, and 915 
cm-1. The peak at 1970 was weak; other broad, very 
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weak absorbances were present in the region 1860-
1910 cm- 1 • The spectrum was not indicative of a metal 
carbonyl complex as present in high concentration, for 
the bands corresponding to carbonyls were not at all 
very strong. 
of acetone. This reaction was 
-v~--~~"~~~~~~~---
discovered during the attempts to secure carbon-13 nmr 
spectra of the trimethyltin-substituted carbene complexes 
of both chromium and tungsten. Thus, when about 7 mmol 
of (C0) 5 CrC(OMe)SnMe3, free from solvent, was placed in 
acetone-d6 (4 ml) under argon in a stoppered nmr tube 
and kept at 0° overnight in the absence of light. The 
next day, the orange solution had solidified to a trans-
lucent orange gel. This could be dissolved in deuteri-
ochloroform. The ir spectrum appeared to be no dif-
ferent from acetone-d6 , with peaks in the metal carbonyl 
region corresponding to the carbene complex. When 
allowed to stand at room temperature for a week, the 
gel reverted to liquid acetone-d6 (and the decomposed 
metal complex). 
Tests with nondeuterated acetone showed that only 
relatively small ratios of acetone to complex (esti-
mated 10:1 or smaller) resulted in complete solidifica-
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tion. Even these gels retained significant quantities 
of monomer, or of structures with a singlet in the pmr 
at the identical chemical shift of acetone. Other 
peaks were found at 61.33 and 61.38 and at 61.50, 62.60, 
o2~77, 62.94 and o3.02, in varying area ratio, although 
the first two are roughly equal, and larger than any 
of the others. A multiplet of 66.2 was noted on one 
occasion. The same polymer and pmr spectrum was ob-
tained with the corresponding tungsten complex,when 
allowed to stand in acetone solution. 
That the solidification was not the result of 
catalysis by base (condensation chemistry) or methyl-
fluorosulfonate was shown in separate experiments. A 
sampl e of carbene complex with methyllithium present 
in excess reacted with acetone to provide triacetone 
alcohol, the reported 112 product of condensation, as 
evidence via pmr: 61.16 (s,l2, C(CH 3 ) 2 ); 62.09 (s, 
acetone monomer); 62.51 (s,4, CH 2 next to carbonyl); 
63.83 (s,2, OH). 
A 0.5 ml aliquot of methyl fluorosulfonate added 
to 4 ml of reagent acetone and a trace (about 0.1 ml) 
of THF at 0° previded an __ immediate reaction and color 
change to deep red, but no observable phase change and 
gel formation over the course of 24 h. The pmr spectrum 
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of the product mixture revealed: ol.S6 and 51.6 (two,s, 
~1), 63.27 (s,~2), 64.0-4.6 (m,~l), o6.1-6.3 (m,~2). 
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Appendix. Reaction of Alpha-halo 
Carbonyl Compounds with Trimethylsilyl Anions 
In analogy with this work and that of Gilman,36 
trimethylsilyllithium should react with epoxides to give 
isolable 8-hydroxysilanes without further elimination. 
These can then be treated with acid to promote anti-
elimination, 42 or oxidized to 8-ketosilanes, which are 
promising synthetic intermediates.ss 
Our attempts to prepare these same S-ketosilanes via 
the reaction of silyl anions in HMPT with a-chloroketones 
did not meet with success. We allowed 2-chlorocyclo-
hexanone to react with trimethylsilyllithium and tri-
methylsilylpotassium under various conditions. In all 
cases dark mixtures comprised of several products were 
found. In particular, 1,2-epoxycyclohex-lyltrimethyl-
silane (41), which was independently synthesized by the 
~ 
route shown belo~~ was shown to be absent from the 
product mixture. Preliminary experiments involving the 
reaction of ethyl 2-bromopropionate with trimethylsilyl-
lithium were more promising, as the only two products re-
191 
pyridine 
covered were the product of direct silylation, ethyl 
2-trimethylsilylpropionate (42), and that of reduction, 
ethyl propionate. 
TMSLi CH 3 CHC0 2£t + CH2CH2C02Et --> I 
SiMe3 
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ABSTRACTS OF PROPOSITIONS 
Michael A. Shippey 
1. A new synthetic approach to coumarins and annelated 
derivatives is outlined. This method should be par-
ticularly useful, both in terms of flexibility and ef-
ficiency, 1n the synthesis of psoralens, presently ob-
tainable only with difficulty. Based on published me-
chanisms of photoactivation, rational approaches to new 
psoralen drugs are presented. 
2. The preparation of stable derivatives of the theo-
retically interesting (but presently unknown) silaarenes 
is discussed. 
3. A novel synthetic reagent is proposed as an "acyl 
anion equivalent" which can be converted to carbonyl 
compounds under a variety of conditions. 
4. The study of simple means to achieve B-functionaliza-
tion of organosilanes is suggested. Such methods could 
enable the transformation of organosilyl groups to a 
range of other functionality. 
5. We propose to study the catalyzed metathesis of 
silicon-containing alkencs, from both synthetic and me-
chanistic viewpoints. 
